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INTRODUCTION 
Studies on the behavior of free-living stages of digenetic trema­
todes have, quite naturally, centered on those organisms of economic or 
medical importance. Thus, much of our detailed knowledge of such behavior 
is based upon studies of helminths such as Fasciola hepatica Linnaeus, 
1758 and the human schistosomes - Schistosoma haematobium (Bilharz, 1852) 
Weinland, 1858, Schistosoma japonicum Katasurada, 1904 and particularly 
Schistosoma mansoni Sambon, 1907. Much less information is available on 
the behavior of miracidia and cercariae of other trematodes. This study 
on emergence and penetration of cercariae of the avian schistosome 
Gjgantobilharzia huronensis Najim, 1950 was therefore undertaken. The 
natural definitive hosts of this trematode are various passerine birds, 
although in laboratory infections adults will develop to maturity in 
chickens, canaries, and parakeets (Najim, 1956 and Daniell, 1978). 
Investigations by Dr. Martin J. Ulmer at Iowa Lakeside Laboratory 
(Ulmer, 1970b and 1974b) have shown that G. huronensis can cause 
severe cercarial dermatitis or "swimmer's itch" in northwestern 
Iowa. The fact that penetration of human skin by cercariae of non-
human schistosomes could cause a dermatitis was discovered by Dr. 
W. W. Cort (1928a and 1928b) at the University of Michigan Biological 
SLaLion on Douglas Lake, Michigan. Its presence, or the presence of 
cercariae which could cause it, has been reported from many areas of 
the world. Although the specific immune mechanism has not been deter­
mined, it is generally accepted that cercarial dermatitis is a 
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sensitization phenomenon (Olivier, 1949b). Numerous investigators 
have shown penetration of human skin by cercariae of various avian 
schistosomes (Brackett, 1940; Macfarlane, 1949; and Oda, 1973). Often, 
cercariae only reach the stratum germinativum and are destroyed by a 
primary inflammatory response at that site. If a second exposure 
occurs, a similar, more intense inflammatory response involving severe 
urticaria often follows. 
Numerous studies on the behavior of free-living stages of human 
schistomes have been published. Much less information is available on 
the behavior of nonhuman schistosome species. Vmong published accounts 
of the chemical substances triggering penetration of human schistosome 
cercariae are those by Maclnnis (1969), Stirewalt (1971), Austin et al. 
(1972), Shift et al. (1972), and Austin et al. (1974). However, only 
three reports of similar investigations on nonhuman schistosome cercariae 
appear in the literature, i.e., Bolwig (1955) dealing in part with 
Schistosoma bovis (Sonsino, 1876) Blanchard, 1895, Wagner (1959a) on 
f ^  ^  T O T  ^  \ V l O T O  j  ^ T O / C O \  -V—« 
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Austrobilharzia terrigalensis Johnston, 1917. Further studies of such 
responses by nonhuman schistosome cercariae are important for several 
reasons. The dermatitis-producing species may be of economic importance, 
although a recent analysis of the swimmer's itch problem in Michigan 
by Wall (1976) reveals that its impact is not considered to be great. 
Further knowledge of the behavior of dermatitis-producing cercariae might 
lead to means of prevention or control. Because of their taxonomic 
relationship to the human schistosomes, information concerning responses 
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of avian larval schistosomes may further our understanding of responses 
of larval human schistosomes. Certain studies of this type have 
already appeared. For example, a review by Lim and Heyneman (1972) 
included reports on field studies of the ability of certain echino-
stome species to eradicate nonhuman schistosomes by redial antagonism. 
Also, Claudel and Etges (1973a) tested toxicity of freshwater turbel-
larians (or their secretions) on miracidia of both Schistosoma mansoni 
and Gigantobilharzia huronensis. 
For these reasons, a study of selected factors affecting the intra-
molluscan migration, emergence from the snail host, and penetration of 
the definitive host by cercariae of Gigantobilharzia huronensis was 
undertaken. 
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LITERATURE REVIEW 
The genus Gigantobilharzia Odhner, 1910 is composed of filamentous 
blood parasites of birds. Odhner (1910) found very long worms in the 
intestinal veins of gulls in Sweden and named the organism Giganto­
bilharzia acotvlea Odhner, 1910. Farley (1971) listed 15 described 
species of Gigantobilharzia. He considered Gigantobilharzia seubica 
Dongas, 1964 to be a synonym of Gigantobilharzia vittensis Reimer, 1963 
and questioned whether two species, Gigantobilharzia monocotylea, 
Szidat, 1930 and Gigantobilharzia egreta Lai, 1937, properly belonged 
in this genus, although he considered the descriptions of these latter 
two species incomplete. He also considered the descriptions of five 
species from Africa by Fain (1955a, 1955b, 1960) to be incomplete. 
Thus, he believed that fully half of the described species have in­
complete descriptions. 
Since Farley's review, two additional species have been mentioned. 
Khalifa (1974) described another species, Gigantobilharzia mazuriana 
Khalifa, 1974 from gulls and terns in Poland. He further sought to 
divide the genus into the new genus Gigantobilharziella Khalifa, 1974 
and Gigantobilharzia Odhner, 1910 primarily on the basis of the presence 
of an oral sucker in the former and its lack in the latter. Fahmy 
et c"" . (1976) have described a Gigantobilharzia sp. from chickens 
experimentally infected with ocellate, apharyngeate, brevifurcate 
cercariae from Egypt. Although they have not named it, they consider 
it to be a new species. 
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On the basis of present knowledge, the genus shows considerable 
diversity in both definitive and intermediate hosts utilized. Avian 
hosts for Gigantobilharzia include passeriforms, charadriiforms, ci-
coniiforms, pelecaniforms, and podicipediforms. The known intermediate 
hosts for Gigantobilharzia are even more diverse. G. huttoni Leigh, 
1955 employs the marine opisthobranch Hamlnoea antillarum d'Orbigny, 
1841. In fresh water cycles, G^. gyrauli Brackett, 1942 and G^. elongata 
Grodhaus, 1965 develop in Gyraulus parvus (Say, 1817), a pulmonate 
planorbid. Oda (1973) mentioned that G^. sturniae (Tanabe, 1948) 
Takaoka, 1961 develops in two other planorbids - Polypylis hemis-
phaerula (Benson, 1842) and Segmentlna nitidella (v. Martens, 1877). 
According to Sauer et al. (1975) and Ulmer (1970b), G. huronensis 
utilizes a variety of physids - Physa gyrina Say, 1821, Physa intégra 
Haldeman, 1841, Physa parkeri DeCamp, 1881, and Aplexa hypnorum Linnaeus, 
1758. G. vittensis develops in Anisus leucostomus (Millet, 1831) and 
not in a hydrobid as Reimer believed (Farley, 1971 and Khalifa, 1974). 
This confusion apparently led Ewers (1964) iuLù the error of mentioning 
five Gigantobilharzia life cycles developing in molluscan hosts be­
longing to four families. He mentioned that very few trematode genera 
have molluscan hosts in four or more molluscan families. Of two 
recently discovered life cycles, G^. mazuriana develops in Anisus 
vortex Linnaeus, 1758, yet another planorbid (Khalifa, 1974). The 
presumed new Gigantobilharzia sp. described by Fahmy et al. (1976) 
develops in the prosobranch Thiara tuberculata (Millier, 1774). Thus, 
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intermediate hosts for species of Gigantobilharzia appear to include 
members of four families and all three major gastropod subclasses. 
Gigantobilharzia huronensis was described by Najim (1950, 1956) 
from adults experimentally developed in chickens and canaries (Serinus 
canaria). In nature, adults were found in a goldfinch (Spinus tristis 
tristis) and a cardinal (Richmondena cardinalis)• Naturally infected 
Physa gyrina found near Ann Arbor, Michigan, served as the source for 
cercariae for experimental studies on the life cycle, all stages of 
which were described. Najim (1951), also carried out an experiment 
on longevity of miracidia. 
Since Najim's studies, published data on this species have been 
few. Woodhead (1955) studied the germinal cells of the miracidium. 
Batten (1956, 1957) published a two-part study on the histopathology 
resulting from exposure of unsensitized laboratory mice to cercariae 
of G. huronensis and Schistosomatium douthitti. Short and Menzel (1960) 
described the chromosomes of nine species of schistosomes, including 
G. huronensis. 
Studies in this laboratory on this species have appeared as a series 
of abstracts. Daniell and Ulmer (1969) reported on penetration of 
chicken skin by cercariae and indicated that patent infections could 
be produced by skin penetration, ingestion of cercarial infested 
water, and ingestion of infected snails. Ulmer (1970b, 1974a, 1974b) 
reported on the ecology of dermatitis-producing cercariae in north­
western Iowa around West Lake Okoboji, with most of this work con­
cerning G. huronensis infection in Aplexa hypnorum in a marsh habitat. 
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Claudel and Etges (1973a) tested the toxic action of four species 
of planarians on miracidia of G^. huronensis and Schistosoma mansoni. 
Bruckner (1974) described a staining technique for differentiation of 
the pre- and postacetabular glands of various schistosome cercariae 
including G^. huronensis. Sauer et al. (1975) investigated host-specificity 
of this parasite in the intermediate host. Blankespoor and van der 
Schalie (1976) described the attachment and penetration of miracidia 
on small 2» gyrina as viewed by light and scanning electron microscopy. 
Two recent dissertations, the results of which are as yet unpublished, 
also deal with £. huronensis. Daniell (1978) studied certain aspects 
of snail infection and migration and maturation within the definitive 
host. Greene (1978) investigated various enzyme systems from daughter 
sporocysts and developing cercariae by histochemical means. 
The literature contains numerous reports on the site and mode of 
penetration of gastropod hosts by miracidia and subsequent sites of 
intramolluscan development. Fewer data are available on cercarial mi-
graf on wirhin rhp snail and rbp site of subsequent emergence. Schisto­
soma mansoni has received most attention on this latter point, although 
there are reports for other species. Kendall and McCullough (1951) 
found emergence of Fasciola hcpatica cercariae from Lymnaea truncatula 
(Muller, 1774) to be a passive process involving pressure within the 
mantle, forcing cercariae from the sinuses around the rectum. Reports 
on the act of emergence of other trematode cercariae suggest active 
emergence. Pearson (1956, 1959, 1961) found that emergence of a 
variety of strigeoid cercariae involved migration to the site of 
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emergence via the vessels of the circulatory system and that emergence 
involved fixed "escape pores". Probert and Erasmus (1965) have carried 
out extensive investigations on the migration of another strigeoid 
cercaria, Cercaria X Baylis, 1930, within Lymnaea stagnaiis (Linnaeus, 
1758). In this instance, cercariae migrated from the visceral hemo-
coel to the mantle sinuses via the circulatory system and emerged 
primarily from the inner surface of the mantle, particularly its 
anterior end, although some emergence occurred at the junction of the 
mantle and head. The most complete knowledge of intramolluscan develop­
ment and emergence for a trematode is for Schistosoma mansoni in 
Biomphalaria glabrata (Say, 1818). Maldonado and Acosta-Matienzo (1947) 
summarized the early development of this parasite, noting that mother 
sporocysts developed in various areas of the head-foot and that daughter 
sporocysts migrated to the area of the hepatopancreas. Becker (1970) 
and Etges et al. (1975) have reported that this migration involves 
active crawling into the venous vessels and then passive transport 
to their final developmental site with the hemolymph. Duke (1952) found 
that cercariae left the visceral sinus via the hemocoelic spaces and 
veins of the snail and passed through the "peri-rectal spaces" to the 
pseudobranch and collar where they actively penetrated the integument 
and emerged. Richards (1961) confirmed several of Duke's observations. 
Emergence of cercariae from infected hosts can be viewed in two 
ways. One may record cercarial emergence at particular times of the 
year, under various ecological conditions, and in various areas, etc. 
(e.g. Hunter and Wigington, 1972), or one may observe the daily emergence 
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of cercariae under different conditions. We are concerned here with the 
latter type of analysis. Emergence of many different kinds of non-
schistosorae cercariae has been shown to occur in a diurnally periodic 
manner (Cort, 1921; Rees, 1931, 1948; Giovannola, 1936; Liu and Khaw, 
1965; Wagenbach and Alldrege, 1974; Theron, 1975; Craig, 1975), although 
not all cercariae show such a periodicity (e.g. Fasciola hepatica 
cercarial emergence - Kendall and McCullough, 1951). Many investi­
gators have shown that such a periodicity is entrained by photoperiod 
and can be reversed by reversal of photoperiod (Giovannola, 1936; 
Rees, 1948; Wagenbach and Alldrege, 1974; Theron, 1975; Craig, 1975). 
Several recent investigators have suggested that periodic cercarial 
emergence of various species of nonschistosome cercariae involves 
both endogenous and exogenous components with an innate emergence 
rhythm synchronized by photoperiod (Wagenbach and Alldrege, 1974; 
Theron, 1975; Craig, 1975). Studies involving nonhuman schistosome 
cercariae have yielded similar results. Olivier (1951) found that 
the periodicity of Schistosomatium douthitti cercarial emergence could 
be almost totally inverted by reversal of the light-dark cycle. The 
lack of total inversion suggests the action of an endogenous component 
in emergence. Anderson et al. (1976) suggested that movement of 
Lymnaea stagnalis, which is stimulated by photoperiod, may stimulate 
emergence of Trichobilharzia ocellata Brumpt, 1931 cercariae and thus 
light may influence cercariae both directly and indirectly. Lengy 
(1962) found that light was not essential for the emergence of 
Schistosoma bovis cercariae. Frank (1966) compared emergence of 
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Schistosoma mattheei Veglia and LeRoux, 1929 cercariae from snails 
maintained at a constant temperature with emergence from other snails 
in which temperature varied with daily temperature and found that 
such fluctuations promote cercarial output. Pitchford et al. (1969) 
and Pitchford and DuToit (1976) found that seasonal temperature varia­
tion affected the time of peak emergence of a variety of African 
schistosome species. Reports on emergence of human schistosome cercariae 
are more numerous. Apparently Schistosoma japonicum cercarial emergence 
may occur in complete darkness but is greatly increased by a natural 
light-dark cycle (Gumble et al., 1957). There are numerous reports 
dealing with emergence of Schistosoma mansoni from Biomphalaria glabrata. 
Luttermoser (1955), Valle et al., (1971), Asch (1972), and Claudel and 
Etges (1973b) have all reported that, at constant temperature, inversion 
of the light-dark cycle resulted in reversal of periodicity of shedding. 
Valle et al. (1971, 1973) reported that when snails were maintained at 
constant temperature and under constant light or darkness, emergence 
continued but lost its rhythmic quality whereas at constant temperaLuie 
and natural light fluctuation, or in darkness with normal daily tempera­
ture variation, rhythmic emergence continued. Yescott and Hansen 
(1976) discovered that exposure of infected snails to manganese sulfate 
inhibited cercarial emergence induced by short periods of light.. 
Several other papers concerning mansoni cerceriae deserve 
mention. Most importantly. Chemin (1964) found that more cercariae 
emerged from daughter sporocysts of mansoni maintained vitro 
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when sporocysts were kept in the light than when they were kept in 
darkness. Coles (1973) found that more cercariae emerged from 
snails whose normal diet was supplemented with a high protein fish food 
than emerged from snails fed only lettuce. He also found that crowding 
decreased cercarial emergence. It should be noted that mansoni 
cercariae, unlike those of many other schistosome species, lack pig­
mented eyespots. However, Short and Gagne (1975) reported the presence 
of structures near the anterior end of such cercariae which may be 
photoreceptors. Whatever the sensory system, free cercariae of 
mansoni have been shown to respond to light (Saladin, 1977). It 
should also be noted that cercariae often emerge from snails when the 
water in which they are maintained is changed. Most researchers consider 
this a result of a temperature change. For example, Schwetz et al, 
(1951) reported that numerous cercariae of either Schistosoma rodhaini 
Brumpt, 1931 or mansoni emerged from infected Biomphalaria pfeifferi 
(Krause, 1848) if the snails were transferred from water at 26°C to 
water at xo—1^ c. j\.uuLz } scaceci uiiau aiiy sudden alteratxon cf 
the temperature of the water in which snails were immersed would induce 
emergence of mansoni cercariae. 
The mechanism of photosensitivity of parasites within the snail 
host is unknown. It appears that this reaction to light is somehow 
related to the photosensory system of the snail. Indeed it was the 
effect of manganese sulfate on gastropod optic nerves which led 
Yescott and Hansen (1976) to test the effect of this chemical on 
emergence. Although the optical system is of course important in 
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gastropod responses to light, other areas of the snail's body also show 
some ability to induce responses to light. Foh (1932) found that 
shadowing of only the anterior end of the mantle induced withdrawal 
responses in Helix pomatia (Linnaeus, 1758) and Lymnaea stagnalis. 
Hawking (1975) has recently reviewed periodic behavior of 
parasites and emphasized that the biological purpose for such rhythmic 
behavior is likely to be facilitation of transmission to a new host. 
Having reviewed periodicity of schistosome cercarial emergence, he , 
pointed out that such rhythmic emergence is an adaptation to the 
habits of the vertebrate hosts using daylight as a time signal. 
It is well-documented (e.g., Gordon et al., 1934; Standen, 1952; 
Stirewalt, 1954; Foster, 1964; Purnell, 1966a) that intramolluscan 
stages of Schistosoma mansoni develop more rapidly at higher tempera­
tures. Such development is measured by the length of the prepatent 
period of snail infection. Emerged schistosome cercariae are also 
affected by water temperature for it affects both their longevity and 
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Ulmer (1970b) have all reported that survival of various nonhuman 
schistosome cercariae is increased at lower temperatures. Krakower 
(1940) has reported similar results with mansoni cercariae. Stirewalt 
and Fregeau (1965), DeWitt (1965), and Purnell (1966a,b) reported on the 
relationship of water temperature at the time of penetration to subse­
quent adult schistosome recovery from mice and found that cercarial 
penetration occurred from at least 7°C to 42°C with optimum temperatures 
for adult recovery being between 25°C and 35°C. Infectivlty, as measured 
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by recovery of adults, decreased significantly with increased temperature 
and cercarial age. Olivier (1966) found that, at 26°C, infectivity 
did not decrease for three hours after emergence, but did so precipi­
tously after 12 hours. From observation of experimental tubes after 
exposure, he concluded that decreased infectivity was a function of 
decreased penetration. However, Ghandour and Webbe (1973) found that 
the percentage of dead schistosomula recovered from mouse abdominal 
skin increased greatly with increased cercarial age. Thus, it appears 
that increased cercarial age may decrease adult recovery by both 
decreasing penetration and increasing schistosomular death within the 
skin. It is generally considered that decreased viability over time and 
with increased temperature is a result of exhaustion of cercarial 
energy reserves. Indeed, using a sensitive enzymatic assay system, 
Lawson (1977) has shown an exponential decrease in glycogen concen­
tration as cercariae age. 
The vast majority of information available on penetration by 
schistosome cercariae has come from studies using manauul. Gordon 
and Griffiths (1951), Standen (1953), Stirewalt (1956, 1966), and 
Stirewalt and Dorsey (1974) ha^e described this process in detail. 
Generally speaking, the process involves attachment of the cercaria 
to the substrate, crawling over the surface using the suckers to 
move in an ''inch-worm" fashion, probing of irregularities in the skin 
surface, and actual movement into it by alternate contraction and 
elongation of the body and by rapid movements of the tail. 
Swelling of postacetabular gland secretions, together with 
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softening of the keratin in the individual dead cells or squames 
in the presence of the alkaline gland contents, allow cercariae to push 
between the cells and to enter the keratogenous zone. During the 
process of penetration of the horny layer, the cercaria begins conversion 
to a schistosomulum. At this point, secretions from the preacetabular 
glands are released, presumably aiding migration through the kerato­
genous zone by a degradative enzymatic process. Although the epidermal 
basement membrane may be traversed directly, especially if many schisto-
somula are present in a small area, and presumably as a result of the 
collagenase activity of the preacetabular gland secretions, the usual 
point of passage into the dermis is through a pilosebaceous gland. Once 
within the dermis, schistosomula usually penetrate venous vessels, 
beginning their development within the circulatory system. 
Two points concerning penetration of mansoni cercariae must be 
considered further. The first is loss or shedding of the tail. Gordon 
and Griffiths (1951) and Stirewalt (1956) reported that the tail usually 
detached as the aboral end of the cercariai body entered the skin, al­
though Standcn (1953) reported that tails often remained attached and 
could be carried into the dermis if a large number of cercariae were 
placed on a small area of skin. In a recent review on the process of 
cercaria-schistosomulum conversion, Stirewalt (1974) has emphasized the 
importance of tail loss in this process. It is often considered fore­
most in lists of characteristics differentiating the two stages, to­
gether with a loss of tolerance to water, of serum complement sensi­
tivity, of CHR formation in antiserum, and of acetabular gland contents 
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by schistosomula. Stirewalt suggested that tail loss, apparently by 
its interruption of the surface integrity of the cercaria, is usually 
a necessary first step in the transformation process. Howells et al. 
(1974) conducted experiments on the mechanism of tail loss involving 
centrifugation of cercariae in various solutions and concluded that 
mechanical trauma caused by movement of the tail against the resistance 
of the secretion-fixed body is the most probable mechanism of loss. 
The other point deserving special mention is the acetabular 
glands. Ebrahimzadeh (1970) reported that cercariae of Schistosoma 
mansoni have a so-called head organ, a single pair of "escape glands" 
(present in cercariae within sporocysts but not in emerged cercariae 
and which apparently aid in emergence from the sporocyst and/or snail), 
two pairs of preacetabular glands, and three pairs of postacetabular 
glands. Stirewalt and Kruidenier (1961) investigated the staining 
characteristics of these acetabular glands vitro and during pene­
tration, and found that preacetabular glands stained with purpurin and 
alizarin stains, whereas postacetabular glands stained with lithium 
carmine. Schistosomula recovered from skin showed reduced or no 
staining of these glands. Stirewalt and Kruidenier suggested that the 
mucoid substance produced by the postacetabular glands serves in ad­
hesion, lubrication, and "enzyme direction", while the preacetabular secre­
tion is considered as enzymatic. Lewert et al. (1966) found that the 
staining of preacetabular glands was a result of the presence of 
calcium and/or magnesium ions, and suggested that these ions might 
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function as co-factors for penetration enzymes, because chelating 
agents reduced cercarial penetration. Dresden and Asch (1977) have 
confirmed the presence of calcium with ultrastructural microprobe X-ray 
analysis. Stirewalt (1973) has confirmed that at least one type of 
enzyme (gelatinase) is present in only the preacetabular glands and 
has reviewed material on enzymatic activity of cercarial extracts. 
Apparently, cercariae have enzymes active against mucopolysaccharides 
and proteins. 
Cercariae of mansoni are known to penetrate a number of mammalian 
hosts (see Stirewalt, 1966, for chart). Pinto and Almeida (1945) showed 
that cercariae would penetrate the skin of dogs. Interestingly, Herber 
(1938) reported that cercariae of Schistosomatium douthitti would cause 
dermatitis in dogs. It is apparent, too, that certain human schistosome 
cercariae will penetrate avian skin. Watarai (1936) found that cercariae 
of Schistosoma japonicum penetrated chicken skin, but were apparently 
destroyed by a tissue reaction within the skin. Certain species of 
avian schistosome cercariae will peaetraLe uumau skin, aud may cause 
cercarial dermatitis. 
Although it is generally agreed that cercariae of human schisto­
somes are capable of penetration while the exposed appendage is completely 
submerged (Stirewalt, 1966), there are conflicting reports about the 
ability of dermatitis-producing cercariae to do so. Brackett (1940) 
stated that cercariae do not penetrate extensively until the water 
begins to evaporate from the skin. This conclusion was based on 
observation of cases and on an experiment in which feet of a susceptible 
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individual were placed in water containing cercariae of Trichobilharzia 
stagnicolae; one foot was allowed to air dry while the other was dried 
with a towel immediately after removal from the water (Brackett, 1939). 
Olivier (1949a), using the same species of cercaria and similar but 
longer exposures, found significant penetration of both feet. He also 
used the "glass cylinder" method to allow observation of penetration 
under water and found that cercariae penetrated in all cases with itching 
beginning within one minute of complete penetration of the body of the 
cercaria. Cercariae usually penetrated a cleft or wrinkle in the skin. 
Cort (1928a) reported that the macules of dermatitis resulting from 
penetration of Cercaria elvae Miller, 1923 usually had a hair follicle 
at their center, suggesting penetration down the follicle. Ulmer (personal 
communication) has found that cercariae of Gigantobilharzia huronensis 
do not penetrate skin until water containing them begins to evaporate. 
Daniell (1978) reported that £. huronensis cercariae were able to pene­
trate chicken skin anywhere on its surface and found no evidence of 
pcLicti-'ciLioi'i LiiL'Oiigli fcaLiici follicleo oi. niigïaLxOii aloûg LUC follicle 
wal.l . 
Temperature is an important factor in eliciting penetration 
responses of schistosome cercariae. Neuhaus (1952), Bolwig (1955), and 
Haas (1976) have studied attachment of various schistosome cercariae 
in response to temperature. The greatest percentage of cercariae 
attached to substrates at approximately 37°C, although Bolwig considered 
the difference between substrate temperature and that of the surrounding 
water to be more important than the actual temperature of the substrate. 
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Movement of cercairiae toward a heat source was observed, but only over 
a very short distance. Neuhaus believed this to be an adaptation to 
natural conditions because a four minute immersion of a finger in 20°C 
water raised the water temperature only 1.5°C at a distance of four mm. 
In studies involving penetration by schistosome cercariae into excised 
skin or various artificial substrates, temperature differential between 
the substrate and medium (with the substrate at 37-40°C) has been shown 
to be an important stimulus (Rai and Clegg, 1968; Clegg, 1969; Maclnnis, 
1969; Stirewalt, 1971; Shiff et al., 1972; Austin et al.; 1972, 1974). 
Penetration by schistosome cercariae appears to be stimulated by a 
substrate at 37-40°C, particularly when cercariae are maintained at 
temperatures below this level. Further, it seems that a directed move­
ment toward a heat source may occur, but that such movement occurs over 
only a very limited distance. 
Except for studies on attachment and penetration stimuli for mira-
cidia and cercariae, there has been very little work on behavioral 
responses of trematodes to defined chemical substances. Certain neuro­
secretory substances, notably serotonin and acetylcholine, have been 
shown to affect movement of certain adult organisms (e.g. Hillman and 
Senft, 1973 on Schistosoma mansoni). Fried and Gioscia (1976) have 
tentatively identified cholesterol as a chemoattractant for metacercarial 
pairing in Leucochloridiomorpha constantiae (Mueller, 1935). 
Studies on substances affecting the behavior of miracidia by 
increasing swimming speed and/or rate of turning (thus presumably 
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increasing the chances of the miracidium encountering a snail producing 
these chemicals) have yielded interesting, if complex, results. Chemin 
(1970) termed such substances "miraxones". Wilson and Denison (1970) 
found that short-chain fatty acids affect the behavior of Fasciola 
hepatica miracidia. Wright and Ronald (1972) found that miracidia of 
Schistosomatium douthitti aggregate in areas of high concentrations of 
valine, leucine, and glycine. Prechel et al. (1976) discovered that 
aspartic, glutamic, and sialic acids altered the behavior of Megalodiscus 
temperatus (Stafford, 1905) miracidia. To date, no less than six 
separate classes or concentrations of substances including fatty acids, 
amino acids, sialic acid, serotonin, and calcium, magnesium, and ammonium 
ions have been shown to affect the behavior of mansoni miracidia 
(Etges et al., 1975; Maclnnis, 1976; Mason, 1977 inter alios). 
Although cercarial responses do not appear to be as varied as those 
of miracidia, investigations of the reaction of cercariae to various 
substances have still yielded somewhat contradictory results. Haas 
(1974a,b; 1975) found that different stimuli were required for attachment 
and for penetration of Diplostomum spathaceum cercariae. Attachment 
was stimulated by the presence of dissolved CO^ and and a substrate 
with a pH less than that of the medium. Penetration was stimulated by 
specific substances from fish epidermis. The epidermis of other 
aquatic animals, which were not penetrated, was also shown to contain 
penetration-stimulating substances. These substances included galacto-
samine, glucosamine, sialic acid, and various chloride compounds. Acidic 
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amino acids, monocarboxylic acids such as butryric , valeric, and caproic 
acid, and carbonate compounds increased attachment but not penetration. 
Other studies on chemical penetration stimuli involve schistosome 
cercariae. Neuhaus (1952) tested reactions of Trichobilharzia 
szidati cercariae to various chemicals by placing the tip of a pin 
dipped in the substance or by expelling a small amount of a solution of 
the substance near the anterior end of the cercaria. Very low concen­
trations of acetic, caproic, valeric, and butyric acids elicited swim­
ming, creeping, and sometimes tail loss and boring behavior. High 
concentrations caused damage and death of the cercariae. Some cercariae 
attached to excised fish scales and to the skin of a living frog, shed 
their tails, and made boring movements. However, most cercariae did 
not penetrate completely, but instead stopped boring and crawled about. 
Cercariae did penetrate excised frog skin. When Neuhaus put his finger 
within 3-4mm of a group of cercariae at rest in water at 20°C, most of 
them swam to it, attached and made boring attempts, losing their tails 
in the process. Since this activation was not the result of temperature 
(see above), he concluded that it must be due to a response to chemicals. 
A small section of excised skin from his finger provoked little reaction 
at 20°C but some reaction at 23°C. He obtained similar results with 
excised duck skin, although a greater percentage of cercariae were 
activated at 23°C; he concluded that although higher temperatures per 
se are only an important activating factor within 0.5-lmm, they are 
important in promoting diffusion of stimulatory chemicals. Bolwig 
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(1955) studied the response of Schistosoma haematobium cercariae to various 
substances by observing whether or not cercariae settled down and shed 
their tails near these substances. He found that cercariae responded 
strongly to the toe of a rat, to human skin scrapings, and to the con­
tents of blocked human sebaceous glands, but not to human or bird 
keratin, human sweat, urea, lactic acid (although he noted that this 
killed or was killing most of the cercariae before the end of the 
experiment), salt, cholesterol, or butter. Wagner (1959b, 1960) found 
that ether extraction of mouse ears greatly lowered the percentage 
of Schistosomatium douthitti cercariae capable of penetrating them and 
that cercariae exposed to the evaporated residue of such extraction shed 
their tails, discharged the contents of their acetabular glands, and 
exhibited movements similar to those seen in penetration. Cercariae 
responded similarly to free fatty acids and some would penetrate 
extracted ears rubbed with the extraction residue, valeric acid in a 
lanoline base, or ears rehydrated in a 5.5 mM aqueous solution of 
valerir arid. Wagner (1959a) also found LhaL certain fatty acids, 
particularly short chain fatty acids, acidic amino acids, various 
organic acids including lactic acid, lanolin, and both rancid butter and 
rancid pigeon preen oil all induced discharge of the postacetabular 
glands of douthitti cercariae vitro. Some of these cercariae 
also shed their tails and performed movements characteristic of 
penetration. S. mansoni and Ornithobilharzia canaliculata (Rudolphi, 
1819) Odhner, 1912 cercariae were stimulated to perform similar behavior 
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by short chain fatty acids. Although he found that cercariae were not 
stimulated to penetrate by external hydrogen ion concentration, he did 
find some effect of pH on penetration type behavior. Clegg (1969) 
reported that lipids extracted from chicken skin with ether, a fraction 
of this lipid material which chromatographed with cholesterol, and pure 
cholesterol all stimulated cercariae of Austrobilharzia terrigalensis, 
an avian schistosome with a marine life cycle, to penetrate thin 
gelatine sheets upon which these chemicals had been layered. 
Other papers involve studies of Schistosoma mansoni cercariae. 
Maclnnis (1969) found that butyric, aspartic, glutamic, and lactic acid 
stimulated penetration attempts or actual penetration of agar plates 
containing low concentrations of these chemical substances, whereas 
neutral, basic, or aromatic amino acids, glucose, or NaCl did not. 
Stirewalt (1971) found that extraction of rat skin with pentane and re­
moval of surface material with adhesive tape greatly reduced the per­
centage of cercarie showing a "positive penetration response", or pene-
LraLiiig such a skia membrane. Scme of the stimulatory cffacts returned 
when the treated membrane was rubbed with lipids from human skin and 
hair from the forehead and the scalp. Although cercariae were not stimu­
lated to penetrate and could not penetrate a Baudruche membrane, they 
did show a "positive penetration response" if the membrane was rubbed 
with skin lipids. (In a "positive penetration response" on a Baudruche 
membrane no actual penetration occurred. Instead, cercariae swam down 
to the membrane, crept over its surface, depositing mucus with each 
attachment of the oral sucker, probed crevices, or attached perpendicular 
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to the skin and exhibited the muscular activity associated with pene­
tration. If cercariae did not show such a response, they remained 
swimming near the surface of the water.) Shiff et al. (1972) used 
cercariae of both mansoni and haematobium in studies on stimula­
tory effects of various chromatographic fractions of human skin lipids 
emulsified with acetone on penetration of agar plates impregnated with 
these substances. They found maximum stimulation in the unsaturated 
fatty acid fractions with approximately equal levels of penetration 
stimulated by fractions with one, two, or three double bonds. Similar 
percentages of cercariae penetrated plates containing oleic, linoleic, 
and linolenic acids, unsaturated fatty acids of the C^g series with one, 
two, and three double bonds, respectively. Pure cholesterol was only 
very weakly stimulatory. They mentioned that unsaturated fatty acids, 
particularly those with more than one double bond, were lethal to cer­
cariae over a period of time. Austin et al. (1972, 1974) continued 
investigations in Dr. Stirewalt's laboratory using chromatography 
fractions of rat tail skin lipid or crude egg lecithin (which GilberL 
et al., 1972, had shown to induce in vitro transformation of cercariae 
to schistosomula) placed on Baudruche membranes. By observation, they 
determined whether these substances stimulated "penetration responses". 
Extraction of mouse tails with similar techniques reduced by half the 
number of cercariae penetrating the mouse tails. With chromatography 
of rat skin lipid, they found that fatty acid ester and free fatty acid 
fractions were stimulatory, whereas cholesterol, diglyceride, triglyceride. 
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and cholesterol ester fractions were not. In tests on pure lipids known 
or believed to be present in these stimulatory fractions, palmitoleic, 
linoleic, linolenic, and ylinolenic acids and methyl linolenate were 
first (1972) reported to be stimulatory. From chromatography and subse­
quent tests of pure substances found in crude egg lecithin, they found 
that of the C^g ocids stearic, which is unsaturated, was not active, 
whereas oleic, linoleic, and linolenic acids were. They reported that 
phospholipid and cholesterol fractions were not stimulatory. Stirewalt 
(1978) has recently reported on the use of linoleic and linolenic acids 
to stimulate discharge of preacetabular gland contents for subsequent 
enzyme characterization. As previously mentioned, Haas (1976) studied 
the behavioral response of cercariae upon contact with various substances. 
He found cercarial attachment and crawling times significantly greater 
than contacts with inanimate objects for cercariae contacting a variety 
of animal substrates, including fish, frog, and swine skin, as well as human 
sweat and arm and nose scrapings. Ether extraction reduced attachment 
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human finger at 32-34°C, but only 5% attached to a finger cooled to 23-
25°C. Haas and Schmitt (1978) have outlined recent findings on penetra­
tion stimuli for Schistosoma mansoni cercariae. They divide host 
identification by cercariae into three steps which require different 
stimuli. Attachment and creeping on the substrate are triggered by a 
rise in temperature and/or chemical stimuli as described above. In 
penetration itself, they found that thermal stimuli alone cannot stimulate 
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penetration into agar substrates, but that agar containing aliphatic 
hydrocarbons with both a hydrophilic and a hydrophobic end group is 
penetrated. At pH 7, effectiveness of saturated hydrocarbons is limited 
to chain lengths between C^Q and For C^2 hydrocarbons at pH 7, the 
chemical composition of the hydrophilic end group had an effect on the 
effectiveness of the compound. Unsaturated compounds were more ef­
fective than saturated ones and for C^g fatty acids they were more ef­
fective in the cis than in the trans position. Haas and Schmitt noted 
that all substances stimulating penetration quickly killed cercariae in 
fresh water. 
Further evidence that the stimulatory substances responsible for 
penetration are lipids is found in a study by Pinto et al. (1977) on 
agents capable of blocking penetration. They stated that good lipo-
solubility seems to be an important criterion for penetration inhibition. 
Finally, two cases of abnormal penetration of atypical substances should 
be noted. Warren and Peters (1968) reported that S_. mansoni cercariae 
would penetrate green string beans, Phaseolus vulgaris Linnaeus, 1758 and 
Gilbert et al. (1971) reported penetration of a hexane extract of the 
legume Enterolobium timbouva Martius, 1937. 
Nuttman (1971) has described ciliated nerve endings on the surface 
of cercariae of Schistosoma mansoni. He believed tnat they might function 
as chemoreceptors. 
Movement toward a source of chemical stimulation is often, if 
erroneously, termed chemctaxis. Fraenkel and Gunn (1961) discussed 
orientation in animals and divided orientation and movement into kineses, 
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taxes, and transverse orientations, (kineses involve no orientation of 
the axis of the body but response to the stimulus in which movement is 
affected by intensity of stimulation; taxes are directed reactions in 
which the long axis of the body is oriented in a line with the source, 
and movement occurs toward or away from the source of stimulation; 
transverse orientations involve orientations at a specific angle to the 
source of the external stimulus). Thus, chemotaxis has a specific be­
havioral meaning and terms like chemoattraction (used by Llmer, 1971 and 
Fried and Gioscia, 1976, for example) are preferable in describing a 
movement toward a source of chemical stimulation. One of the examples 
Fraenkel and Gunn used in their discussion of response to chemical 
stimuli is location of food by various planarians. In this case the 
orientation involved both kinetic and tactic responses. 
Ulmer (1971), in reviewing site-finding behavior by cercariae., 
stated that there was disagreement as to whether chemoattraction of 
cercariae occurs. Although Smyth (1966) stated that there is ir evi­
dence that "chemotaxis" is involved in cercarial host location, Ulme, 
cited several examples of what appear to be chemoattraction. Movement 
of dermatitis-producing cercariae toward a human finger (Neuhaus, 1952) 
has already been mentioned. Ulmer (1971) reported that cercariae of 
Gipantnbilharzia huronensis began active movements if a slide previously 
rubbed over the surface of human skin were placed in the water near them. 
Maclnnis (1969) mentioned unpublished work by Jane Hubbard in which 
significantly more mansoni cercariae were found in the area close 
to an agar plug containing chemicals capable of inducing penetration than 
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were found further away from it. Results from Dr. Stirewalt's laboratory 
(notably Stirewalt and Uy, 1969) also involved movement of cercariae 
toward a source of chemical stimulation. In Clegg's (1969) work with 
Austrobilharzia, there was no attraction of cercariae to cholesterol. 
Thus, it appears that chemoattraction may play a role in host location 
by some schistosome cercariae, although as mentioned earlier if it does, 
it is probably active over only a short distance. 
There is much better evidence for chemoattraction to snail hosts 
among cercariae encysting within snails other than the one which pro­
duced them. Ulmer (1971) mentioned unpublished dissertation research 
by R. A. Campbell on Cotylurus flabelliformis (Faust, 1917) van Haitsma, 
1931 cercariae. Campbell found that these cercariae could locate 
snails within a very short period of time, that location of hosts in 
which normal development would occur was more rapid than location of 
unsuitable host snails, and that, if given a choice of suitable or 
unsuitable hosts, the cercariae usually chose the suitable ones. 
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they develop, but apparently do not penetrate snails harboring living con-
specific ^ otylur^ sporocysts. In discussing this lack of penetration (which 
he termed the "Winfield effect" after its discoverer), Basch (1970) 
suggested that an alteration in the chemoattraction of the snail is one 
possible explanation for this phenomenon. Matovu (1974) found that 
cercariae of Echlnoparyphlum aconiatum Dietz, 1909 were attracted to 
metabolic products, lymph, and mucus of a suitable host snail, but 
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not to those of an unsuitable host. Cercariae were also attracted to 
sialic acid. 
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MATERIALS AND METHODS 
Laboratory Maintenance and General 
Procedures 
The strain of Gigantobilharzia huronensis used in this study was 
originally collected from the Huron River near Ann Arbor, Michigan, by 
Dr. Harvey Blankespoor. Miracidia from canary feces kindly sent to me 
by Dr. Blankespoor were used to infect laboratory reared 3-6 week old 
Physa gyrina. Snails were maintained in a uniform light-dark regimen 
with a 14-hour photoperiod. Temperature usually remained at 23.5°C, 
although at times it reached 20°C and 26°C. Infections from times of 
temperature fluctuation were not included in experimental prepatency 
studies. Adult parasites were maintained in female canaries. 
For infection of snails, feces containing eggs were collected by 
placing moist filter paper on the bottom of the canary's cage for one to 
two hours. Feces were placed in 10 ml of artificial spring water (Ulmer, 
1970a, hereafter termed simply spring water) in a 62x36 mm stender dish. 
Fecal masses were teased apart with dissecting needles, carefully 
macerated, arid allowed to settle. The supernatant was then decanted 
and fresh water added. This process was repeated and the stender dish 
was placed under an incandescent light. Within 30 minutes, numerous 
miracidia had hatched. Most successful infections resulted from placing 
two miracidia each into clear plastic vials containing 1-2 ml of 
spring water and then adding the snails. Only miracidia showing normal 
swimming behavior as defined by Maclnnis (1965) were used in experimental 
exposures. Vials were stoppered and left overnight. Snails were maintained 
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in s tender dishes containing approximately 25 ml of lake water (Lake 
West Okoboji) previously filtered twice, heated to 80°C, and aerated. 
This was found to be a better medium for maintenance of Physa gyrina 
than spring water, perhaps because it consistently provided a higher 
calcium content (70ppm) than spring water (30ppm). Snails (from a 
single egg mass) exposed at one time were often maintained together 
(2-10 individuals per dish) for the prepatent period of the infection, 
although at times exposed snails were maintained individually. Exposed 
snails were checked at least every two days from days 20 to 40 post­
exposure and isolated when cercarial shedding began. Cercariae used in 
experiments came from snails which had been shedding cercariae for 3-7 
weeks. Snails were fed washed green leaf lettuce ad lib., supplemented 
weekly with a few high protein commercial fish food flakes (TetraMin®). 
Water in stender dishes was changed at least once a week. Snail 
longevity and duration of cercarial emergence were recorded from observa­
tions usually made at weekly intervals. 
Taicutal breedxug stock suails were maiutaiueu in 1—gallon glass 
aquaria containing oyster chips and aerated spring water. Egg masses 
were collected weekly, transferred to sLender dishes of lake water, 
and maintained as described above until exposure. 
Another snail, Aplexa hypnorum, would not survive in spring water 
and was maintained in lake water. Adults of this species laid eggs in 
water up to 20 cm deep but little or no survival of newly hatched 
snails occurred in water more than five cm deep. Aeration was 
vital to survival of young snails, which reached a maximum of 
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7-8 mm in shell length and in a few cases laid eggs. Although these 
hatched, none of the second generation snails survived more than one 
month and none produced eggs. Some Aplexa were exposed to G^. huronensis 
miracidia in the manner described above. 
Cercariae from laboratory infections were used to infect canaries 
by moistening an area under the wing and applying cercariae with a 
nichrome wire inoculating loop. Only recently-emerged cercariae 
exhibiting normal behavior were used in such exposures. After 15-30 
seconds in contact with the water film under the bird's wing, the loop 
was withdrawn and observed to make certain that all cercariae had lelt 
the loop. Canaries were usually exposed to a total of 30-40 cercariae 
from at least eight different snails at a given time. After exposure, 
the bird was held in the same position for half an hour to allow the 
water to dry and the cercariae to penetrate. Feces were checked daily 
from day 30 post-exposure for the presence of eggs and/or miracidia as 
described above. If a patent infection was not established, the canary 
was reexposed about 45 days after initial or subsequent exposure. 
Canaries were fed commercial canacry seed, and a vitamin supplement 
was added to their water (Geisler brand). Once or twice a week, 
canaries were also given green leaf lettuce. Canaries were housed 
in an interior rcoir. with a 12-hour photopericd. Although parasite 
eggs from chickens were viable and miracidia from such eggs were as 
effective in producing patent infections in snails as were parasite 
eggs from canaries, to reduce possible variability, all experi­
mental and maintenance infections fame ultimately from canaries. 
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Leghorn variety chickens were used as experimental definitive 
hosts. Chickens were fed commercial nonmedicated chick grower 
ration (Wayne brand) and were maintained in an interior room with a 
14-hour photoperiod. Chickens were exposed as described above or, 
more commonly, were exposed by applying the loop with cercariae 
directly into the buccal cavity. Observation of the loop after 
transfer revealed f.hat in almost all instances cercariae were deposited 
in the chicken's mouth. Simultaneous exposures of one-week-old chicks 
(per OS and under the wing) to approximately 30 cercariae from at 
least six snails within 2 hours after emergence showed that both types 
of exposure were effective in producing patent infections. Presence 
of infection was determined by examining diluted feces for eggs and/or 
hatched miracidia and confirmed by dissection. All chickens were 
killed with ether, the intestines were removed, opened with the mesen­
teric and blood vessel attachments intact, and washed to remove feces. 
Intestines and caeca were then stretched on a pane of glass and the 
mesenteric vessels observed for the presence of worms. 
Intramolluscan Development 
Snails exposed to miracidia were fixed at intervals of 5-30 minutes, 
2, 6, and 12 hours, and 1, 2, 4, 8, 10, 12, 15, 20, 30, 100, 120, and 
140 days post-exposure. Three snails of the same age (198 days after 
hatching) which had been exposed to miracidia on the same day and began 
to shed cercariae on the same day, were fixed (after 111 days of 
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cercarial shedding) at various times of the day to determine dally 
cercarial migration. One snail was fixed immediately after exposure to 
light, one after approximately 10 minutes in light, and one after 4 hours 
in light. Results from the third snail were compared with results from 
other snails with patent infections, all of which had been fixed at least 
four hours after the light came on. Snails were fixed in hot (60-80°C) 
Bouin's fixative with the aid of a vacuum infiltrator and left in 
that fluid for two to three days to decalcify the shell. After 
standard TBA dehydration, snails were embedded in Paraplast or 
Tissuemat at 56-58°C and serially sectioned on an AO Spencer Rotary 
Microtome at 10 or 12 ym. Sections were affixed to slides with Haupt's 
gelatin adhesive and stained in Harris' hematoxylin and eosin. Un­
exposed snails from the same egg mass were often fixed, sectioned, and 
stained as controls. 
Longevity of Cercarial 
Infectivity 
On three separate occasions, cercariae from at least eight snails 
which had been shedding for one to two months were collected in stender 
dishes containing spring water during the first hour of light. 
Cercariae from each snail were evenly divided between three stender 
dishes. At the end of one hour, one set of dishes was transferred to an 
incubator at 36-37°C, another set was placed in a refrigerator at 5°C, 
and the third remained at room temperature (22-24°C). After various 
periods of incubation at these various temperatures, about 30 cercariae 
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showing normal behavior were used to expose one week old chicks per qs. 
The experiment was designed to determine the maximum longevity of in-
factivity of cercariae maintained at each temperature. Cercariae 
which were no longer floating or which had lost their tails were 
never used in exposures. The loop used to infect chicks was rinsed with 
spring water between applications to the buccal cavity of the chick. 
After all applications, the water and the loop were checked to make 
certain that all cercariae applied had been transferred. Chickens were 
marked with tape tags around the legs. Feces were checked at least every 
two days beginning on day 30 post-exposure, and chickens were killed 
with ether at day 45 post-exposure. Infection of chickens was determined 
by the presence of hatched miracidia in diluted feces and by the presence 
of adults in the mesenteric veins. Although chickens were maintained in 
one wire cage and some apparent coprophagia (or at least pecking at or 
near fecal masses) occurred, miracidia were never found in the diluted 
feces of birds having no adults in the mesenteric veins. Likewise, 
adults were never found ""n birds whim had nor previously voided eggs 
in the feces. If a chicken was examined an hour after death rather than 
immediately afterwards, some adult worms migrated from the smallest 
intestinal veins to the mesenteric veins where they were much easier to 
locate. Attempts to remove worms by perfusion following intraperitoneal 
injection of a heparin-nembutol solution (Duvall and DeWitt, 1967) 
were unsuccessful, for subsequent dissection showed that worms had not 
been displaced. Although difficulty was encountered in counting worms 
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in situ because of their thin character and their tendency to clump in 
one area, such attempts were made on two occasions. Attempts to remove 
worms intact for subsequent staining and mounting were unsuccessful, 
although some fragments were recovered, fixed in AFA, stained with 
Mayer's paracarmine, cleared in methyl salicylate, and mounted on slides 
in Permount for observation. 
Penetration Studies 
Effects of temperature and certain chemicals on penetration of 
Gigantobilharzia huronensis cercariae were investigated, using two dif­
ferent penetration substrates. Penetration of agar plates and excised 
chicken skin was observed with the aid of a dissecting microscope. 
Agar plates used to test the efficiency of various chemicals at 
inducing penetration were prepared by modifications of the techniques 
of Maclnnis (1969) and Shiff et al. (1972). All water used in making 
agar plates was glass double distilled Nanopure deionized water (ASTM 
Type 1 "ancpurc vatcr) boiled for 2-3 minutes immediately before use to 
Cr) drive off dissolved CO^. Plates were made with Oxoid Purified Agar 
(Code L28; Batch 079-11302), Three different classes of chemicals 
necessitating three different protocols of preparation were employed. 
For amino acids, a solution which would yield a 5 mM concentration in 
the final plate was produced by dissolving an appropriate amount of the 
chemical in ICQ ml of boiling water. After the solution had cooled to 
60-80°C, five ml of this solution were pipetted into a sterile 
60x15 mm Falcon Plastic petri plate using a Falcon Plastic 1 ml serological 
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pipette. An appropriate amount of agar was dissolved in boiling water 
and allowed to cool to 60-80°F. Fifteen ml of this solution were then 
pipetted into the petri dishes with care being taken to mix the contents 
thoroughly. The end result was a plate of 0.275% agar containing a 5 mM 
concentration of the amino acid. Some evaporation of water occurred 
from such plates during experiments. Plates were allowed to harden for 
2-3 hours at room temperature and were stored upside down in a refrig­
erator at 5°C for not more than 48 hours before use. Plain water from 
the same solution used to make the amino acid solution and agar from the 
same solution used in preparing experimental plates were used to make 
control plates at the same time. Agar plates containing 0.5 mM concen­
trations of fatty acids were produced by dissolving a proper amount of the 
fatty acid in 25 ml of acetone and then adding 75 ml of water freshly 
cooled to not more than 60°C from boiling. Five ml of this mixture were 
then pipetted into petri dishes and 15 ml of agar solution at 50-60°C were 
added. Such plates contained a 0.5 mM concentration of the fatty acid in 
u.275% Control p1 gtpR proHnnpH p siînllcir 3C0ton0~T*7citPr Tnixtur*? 
Wxtiiout uu6 fatty acids were slso produccu. Flàtês cûûLâiuirig 5. 0.5 îtu'Î con— 
centration of lactic acid were prepared using the same temperature ranges 
but without acetone. Attempts to produce similar plates with cholesterol 
were unsuccessful (Shiff et al., 1972, notwithstanding) because cholesterol 
is completely insoluble in water. Although it dissolved readily in acetone, 
it precipitated as soon as water was added. Such a suspension could be in­
corporated into agar plates but observation was difficult and concentra-
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tion of cholesterol throughout the medium was uneven. Thus, a dif­
ferent method, one similar to that used by Clegg (1969), was used to 
produce cholesterol test plates. A more concentrated (1%) agar solution 
was used and plates were allowed to harden for 2-3 hours. Water was 
blown from the surface of the plate with a stream of nitrogen. One or 
two drops or about 0.01 or 0.02 ml of a 10 mg cholesterol per 1 ml of 
solvent (either acetone or chloroform) solution was then applied to the 
plate with a pipette and evaporated to dryness in a slow stream of nitro­
gen. This evaporation produced a thin layer of cholesterol on the 
surface of the plate. Control plates to which only solvent was applied 
were produced in the same manner. (See Table 1 for a complete list of 
chemicals and solvents used.) 
The internal pH of such hardened agar solutions was measured with a 
Fisher Accumet pH Meter Model 144. Plates to test the effect of pH 
alone were produced by adding 5 ml of Fisher Certified Buffer solutions 
of pH 4, 7, and 10 to 15 ml of agar. To test the possibility that 
lipid material in the agar might became acf've ?.t « jow pH. places con­
taining glutamic acid and agar which had previously been extracted with 
ether were also tested. 
The night before cercariae were needed, snails were isolated in 
marked stender dishes containing fresh lake water. Cercariae shed the 
next morning after two to three hours in artificial light were used the 
same day and snails were returned to their maintenance dishes. Inverted 
agar plates (refrigerated either overnight or for a day and a half) were 
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Table 1. Sources and purity of chemicals and solvents 
Substance Source Stock No. Purity 
Acetone 
Agar 
L Arginine 
L Aspartic Acid 
Butyric Acid 
Cholesterol 
Chloroform 
Ethyl Ether 
L Glutamic Acid 
Glycine 
Isovaleric Acid 
Lactic Acid 
Linoleic Acid 
Linolcnic Acid 
Oleic Acid 
pH 4 Buffer 
pH 7 Buffer 
pH 10 Buffer 
Fisher Scientific 
Oxoid Limited 
Baker Chemical 
Fisher Scientific 
Fisher Scientific 
Fisher Scientific 
Fisher Scientific 
Mallinckrodt 
Fisher Scientific 
Fisher Scientific 
Eastman Organics 
Matheson, Coleman, 
and Bell 
Sigma Chemical 
Sigma Chemical 
Fisher Scientific 
Fisher Scientific 
Fisher Scientific 
Fisher Scientific 
A-18 
L-28 
B-558 
0-1285 
A-81 
C-314 
C-298 
0848 
A-125 
G-46 
459 
CB-444 
L-1376 
L-237D 
A-215 
SO-B-99 
SO-B-108 
SO-B-116 
Certified 
Purified 
Reagent 
Reagent 
Reagent 
Certified 
A.C.S. 
A.C.S. 
Reagent 
Reagent 
Reagent 
Reagent 
Grade III 
Sigma 
U.S.P. 
Certified 
Certified 
Certified 
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brought to 37°C by 30 minutes incubation and were then transferred to a 
Tek Bath-F (Scientific Products, Cat. No. M7654) maintained at 39-41°C. 
The water bath was placed on the stage of a dissecting microscope, 
thereby allowing the surface of the plates to be observed. A shallow 
layer of water at the bottom of the water bath allowed equilibration 
of temperatures within 10 minutes. Except for a few instances in 
which two experimental plates were run at one time in order to test 
penetration under identical conditions, one experimental and one control 
plate were run simultaneously. Nichrome inoculating loops used to 
transfer cercariae were first processed in the following manner. The 
loop was bent and flattened to provide an area with which the surface 
film of a layer of water could be lifted. Loops were rinsed in a se­
quence of hot running tap water, room temperature lake water, and room 
temperature acetone ten times before being used and immediately after 
each use. Separate loops were used to transfer cercariae to control 
and to experimental plates and cercariae from individual snails were 
applied to control and experimental plates. Experiments were per­
formed within 3 to 6.5 hours after the beginning of emergence. Five 
pairs of control and experimental plates were run each day, six days a 
week. On the seventh day, water in all maintenance dishes was changed 
and tetramin and fresh lettuce were added to the dishes. A set of 
loops was used only 10 times. Cercariae from a given snail were applied 
to experimental plates one day, and to control plates the following day 
and vice versa. Under observation with a dissecting microscope, with a 
minimum of disturbance, five to 12 cercariae were picked up from the 
surface of the water with a loop. The loop was inverted and the surface 
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of the water film containing cercariae was gently applied to the surface 
of the agar plate. In most instances, cercariae were not immediately 
transferred to the surface of the agar plate but crawled over the loop 
for a period of time before moving to the surface of the agar plate. At 
times, the shearing force which developed as the loop was gently lifted 
from the surface of the agar caused cercariae to lose their tails. 
Such cercariae were not considered in subsequent observations. Al­
though a slight indentation was produced on the surface, care was taken 
not to break the surface of the plate since this would present a non­
uniform surface to the cercariae and would also complicate observations 
on penetration. The number of cercariae applied was recorded. Cercariae 
remained on plates for 20 minutes, and were observed as they were ap­
plied and after 5, 12, and 20 minutes. At the end of 20 minutes, the 
behavior of cercariae was characterized by recording the number having 
penetrated the agar (arbitrarily defined as inserting at least the 
entire head organ below the surface of the agar), the number having 
lost their tails but not having penetrated, and the number having done 
neither. Of those cercariae penetrating the agar, the number which 
did so with their tails still attached was also recorded. Periodically, 
cercariae were left on agar plates in the water bath for fifty minutes 
or more to determine if further behavior would occur. Experiments 
testing the effect of temperature were also conducted, such experiments 
being identical in every respect to those mentioned above except that 
the water bath was not turned on and plates were left for 30 minutes 
at room temperature after the 30 minute period in the incubator. In 
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such instances, cercariae were transferred from water at approximately 
25°C to agar plates at approximately 2 6 ° C .  
Lipids extracted with ether from chicken skin samples (later used in 
penetration studies) were evaporated to dryness under a slow stream of 
nitrogen, weighed, and dissolved in acetone to a concentration of 
approximately 10 mg/ml. Samples of this lipid-acetone solution were 
layered onto 1% agar plates or incorporated into 0.275% agar plates 
at a final concentration of 2.5 mg/ml or 0.625 mg/ml and cercarial 
responses were determined as previously described. A similar volume 
of ether was also evaporated and used to produce control solutions for 
these lipid plates. 
Chicken skin for penetration studies was prepared by modifications 
of the techniques of Stirewalt (1971) and Wagner (1959a). Chickens 
more than four weeks of age were killed with ether. Feathers 
were removed from the area under the wings and skin was stretched tight­
ly over the surface of corks by pinning. This isolated area of skin 
(approximately 2 cm square) was then excised. It included the epi­
dermis, dermis, and some subcutaneous adipose tissue. One-half hour 
drying time was sufficient for the skin to lose its natural resiliency. 
The sample was then cut into smaller pieces which would remain flat and 
more or less transparent when placed on a 1% agar plate. Agar plates 
were then heated to 40*C (see above) and penetration observed with a 
dissecting microscope. In some instances, skin samples still pinned to 
corks were extracted with at least five changes of ether for up to 
three days before cercariae were applied. A few samples of such 
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extracted skin samples were incubated in ether solutions of 10 mg/ml 
chicken skin lipid or 0.5 mM oleic acid before study. In other instances, 
both normal and extracted skin samples were tested at 26°C. For com­
parative purposes, the two skin samples from any one chicken were never 
observed under the same experimental conditions. Except for skin samples 
to be used immediately after drying, samples were stored in a refriger­
ator at 5°C for not more than 12 hours before use. Treated experimental 
skin samples were also placed in the refrigerator and allowed to reach 
5°C before use. Subsequent preparation, observation, and recording of 
results from agar plates with skin samples differed from that described 
for agar plates above in only three ways. Loops used to transfer 
cercariae to chicken skin were used once, rinsed once immediately after 
use, and rinsed 10 times before being used again. Observation of 
penetration of skin samples was carried out on the stage of a dissecting 
microscope rather than in the water bath since in the former position 
both reflected and transmitted light could be used to facilitate obser­
vation of penetration into the more opaque skin samples. In temperature 
comparison, plates run at 26°G were observed before those at 40°C 
rather than being alternated. 
Results from these studies were statistically analyzed in the 
following manner. Analysis of variance on arcsine-transformed data 
and formation of confidence intervals with estimated variance were per­
formed by computer, ^-values less than 5% were considered significant. 
Miscellaneous experiments testing other aspects of penetration 
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behavior were also carried out. In several instances, cercariae were 
allowed to penetrate skin samples for at most 60 minutes and the entire 
sample was then fixed in AFA, hot Bouin's, or Helly's fixative prepared 
with neutral buffered formalin, dehydrated, stained, and sectioned. 
Cercariae were applied to the intact or cut surfaces of green beans 
at either 26 or 40°C and observed to determine whether or not penetra­
tion into plant surfaces would occur. Experiments were conducted to 
determine if penetration of agar plates or skin samples involved evacu­
ation of the contents of the cercarial preacetabular glands. Cercariae 
were transferred with a loop to a solution of approximately 16 ml of 
lake water and 1 ml of a saturated aqueous solution of alizarin red S. 
After a minimum of one hour of incubation in this solution, the pre­
acetabular glands of cercariae were stained a deep reddish-purple. 
Such stained cercariae were then transferred to agar plates or skin 
samples and observations made on extrusion of glandular secretion 
during penetration. 
Attempts were also made to monitor penetration using the method 
of Lewert and Lee (1954). One-half hour after Intravenous injection 
of 0.5 ml of a 1% Evans blue avian saline solution per lOOg body weight 
into one-to six-week-old chicks, 10-20 cercariae were applied to a 
small drop of water on the bare skin under the chick's wing. This 
drop of water and the skin below it were observed with a dissecting 
microscope until 15 minutes after the drop of water had completely 
dried. A positive result was indicated by the presence of a small blue 
dot on the skin at the point of penetration. 
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RESULTS AND DISCUSSION 
Observations on Host-Parasite Relationships 
of Adult Parasites 
An extensive consideration of the host-parasite relationships of 
adult G^. huronensis was presented by Daniell (1978). However, a few 
observations made during the present study should be mentioned. Najim 
(1956) reported 31 days as the minimum prepatent period for avian infec­
tions. Daniell (1978) reported a prepatent period of 25-31 days in 
various avian hosts, and Greene (1978) found that the prepatent period of 
parakeet infection was about 27-32 days. In the present study, in 
initial exposures of chickens (N=33) or canaries (N=3), the prepatent 
period ranged from approximately 26 days to 33 days. Infected canaries 
generally continued to pass parasite eggs until their deaths. In one 
instance, a canary stopped passing eggs after three months. Upon 
reexposure to a larger number of cercariae than was initially given, the 
canary became reinfected and continued to pass eggs until its death 29 
months after reexposure. Glaudel and Etges (1973a) and Guth et al. (1979) 
both report that canaries can harbor patent G^. huronensis infections for 
over one year. Greene (1978) reported that parakeets could harbor patent 
infections for up to three and one half years. 
Observations of numbers of miracidia hatching from canary fecal 
samples showed an apparent periodicity in numbers of miracidia obtained 
two hours after uniform collection and dilution. The maximum number of 
miracidia was obtained during the late afternoon. To further study this 
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phenomenon, fecal samples were collected at two-hour intervals throughout 
the 12 hour light period (Day 1). These samples were weighed and the num­
ber of miracidia present in the dish two hours after standard dilution was 
recorded. Expression of the number of miracidia present per 0.1 gram of 
feces showed that the maximum number hatched from the sample taken eight 
to ten hours after the beginning of the light period (Table 2). This 
sample was collected approximately four hours after the canary had been 
fed (noon). For the next three days, the canaries were fed at the be­
ginning of the light period (0800). Collection of fecal samples on day 5 
of this feeding regimen showed that the presence of miracidia was more 
evenly distributed throughout the day (Table 2), This suggests that the 
presence of food in the intestine may stimulate release of eggs, per­
haps because peristaltic contractions aid in their movement into the 
lumen of the gut. It appeared that a similar pattern of egg release or 
hatching occurred in infected chickens which were fed about the same time 
as the canaries. Gray (1977) has reported that the jejumun of chickens 
is empty at dawn, supporting che idea that potential rhythmic activity 
of the digestive tract may in part be responsible for this apparent 
periodicity. Although I emphasize that these results are of a very pre­
liminary nature, they suggest that there may be some periodicity in egg 
release or hatching. In light of the findings of Pitchford and Visser 
(1972) that S. mansoni ova show a periodicity in hatching and of McMahon 
(1976) that haematobium ova are excreted in a rhythmic manner, this 
possible periodicity in the hatching or release of G. huronensis ova 
merits further examination. 
Table 2. Variation in number of miracidia recovered from fecal samples throughout the day 
^ .. Miracidia per 0.1% feces 
Collection 1 
Day 1 Day !i Day 1 Day 5 
Fed at noon Fed at 01300 Fed at noon Fed at 0800 
1000 0 1.2 0 4 
1200 0 2 0 10 
1400 2.5 3 10.5 59 
1600 3.3 3 27 29 
1800 20 5 21 13 
2000 8 0 8 7 
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Prepatency and Longevity of 
Molluscan Infection 
Under standard conditions of exposure and maintenance previously 
described, the prepatent period for Gigantobilharzia huronensis infec­
tion of outbred Physa gyrina at 23.5°C (+ 1°C) generally ranged from 22 
to 36 days (Table 3), with a mean of 28.8 days and a mode of 25 
days. In a few instances, to be discussed later, the prepatent 
period was considerably longer. Najim (1956) reported that 24 days 
was the minimum prepatent period at a laboratory temperature which varied 
seasonally but which was apparently between 15 and 20°C. Najim noted 
that development time decreased with higher temperatures. Sauer et al. 
(1975) reported patent infections after 17 days at an unrecorded 
Table 3. Prepatent period of Gigantobilharzia huronensis infections 
in Physa gyrina 
Days Post- Number of 
Exposure Snails 
21-22 4 
23-24 iù 
25-26 16 
27-28 14 
29-30 9 
31-32 6 
33-36 2 
>36 3 
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temperature (probably about 24-26°C, Dr. Harvey Blankespoor, Biology De­
partment, Hope College, Holland, Michigan, 49432, personal communication). 
Daniell (1978) reported that the prepatent period ranged from 18 to 59 
days with an average of 26.1 days at temperatures from 18 to more than 
30°C. In experiments on development at controlled temperatures, he 
found that at 25 or 30°C the prepatent period was 20-23 days, whereas 
at 20°C it was about 34 days. The results of the present study agree 
well with those of earlier investigators. 
Greater host mortality occurred during the prepatent period if 
all snails from one egg mass (2-10 snails) were maintained in one stender 
dish after exposure rather than if each snail had been maintained in a 
separate stender dish. When snails from single egg masses were maintained 
individually, there was a 10.7% prepatent mortality and a subsequent in­
fection rate of 70.7% of surviving snails (N=65 snails from 14 exposures). 
When all snails from a single egg mass were maintained together, there 
was a prepatent mortality of 52.6% and a 49.1% subsequent infection rate 
(.N=llb snails from 21 exposures) . The infection rate for snails main­
tained singly compares favorably with the infection rates found by Sauer 
et al. (1975) and Daniell (1978) in exposures of comparably-sized 
snails. Daniell reported prepatent mortality of 50% in comparably-
sized snails, although he usually exposed snails to five miracidia each, 
whereas all snails in the present experiments were exposed to only two 
miracidia each. Najim (1956) reported prepatent mortalities of up to 
50% when snails 2-4 weeks old were exposed to 4-6 miracidia. In the 
present study, most mortality of young snails occurred as a result of 
desiccation, regardless of their maintenance or exposure history. 
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Snails crawled out from the water and dried out on the side of the dish. 
If resubmerged soon enough after crawling out, snails often recovered. 
In most instances, particularly with smaller snails, those which had been 
out of water for more than a day did not revive when resubmerged. 
Several authors (Cheatum, 1934; DeWitt, 1955; Clampitt, 1970) have re­
ported that _P. gyrina - as befits a snail inhabiting temporary bodies of 
water - is very resistant to desiccation, with some snails surviving for 
several months. However, in those cases snails were provided with a mud 
or fiber substrate in which to burrow. On a smooth glass surface, snail 
resistance to desiccation is much less. 
Five of nine lab-reared Aplexa hypnorum (1-2.5 mm in length, 4-7 
weeks after hatching), exposed to miracidia, died during the prepatent 
period; the remaining four all developed patent infections by day 30 
post-exposure. Although this is a very limited sample, results of this 
experiment support the belief of Daniell (1978) and Greene (1978) that 
A. hypnorum is more susceptible to infection than 2- gyrina. I believe 
that the high prepatent mortality in A. hypnorum was a result of 
difficulties in maintenance of the snail rather than a result of host-
parasite incompatibility. 
Under standard maintenance conditions, infected gyrina survived 
from one to 439 days after having begun to shed cercariae; with an average 
survival of 129.5 days (N=39). Daniell (1978) reported survival of from 
one to 131 days with an average of 24.9 days. Maximum survival of in­
fected snails, of snails which were exposed but never shed cercariae, 
and of unexposed control snails was about 500 days for each group in the 
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present study, although considerably fewer data are available for the 
latter two groups (N=ll and 5, respectively). DeWitt (1955) reported 
the maximum survival of gyrina under unspecified but constant 
laboratory conditions to be 22 months. 
It is interesting that the maximum longevity of infected and unin­
fected snails was roughly equal. It has been reported that mansonl in­
fection of various Biomphalaria species caused greater mortality among in­
fected snails than among uninfected snails (Pan, 1965; Sturrock and Stur-
rock, 1970; Meuleman, 1972). Dutt and Srivastava (1962) reported similar 
results for Orientobilharzia dattai infection of Lymnaea luteola. On the 
other hand, McClelland and Bourns (1969) noted that Lymnaea stagnalis in­
fected with Trichobilharzia ocellata lived much longer than uninfected 
controls and suggested that the almost total suppression of host repro­
duction by the parasite prevented a significant drain on the host's re­
sources and thus allowed greater longevity. Bourns (1974) measured carbo­
hydrate and protein output of infected snails producing cercariae and of 
uninfected snails producino eggs, hp found that the average nutrient 
drain on infected snails was indeed less than that on uninfected snails. 
In the present study, none of the snails isolated at three to six weeks of 
age produced eggs, whether or not they had been exposed to miracidia. A 
few snails which had been exposed but not isulaLed until nine to 12 weeks 
did produce eggs. Such snails, however, never shed cercariae. Unexposed 
isolated snails rarely produced eggs. DeWitt (1954) reported that 
JP. gyrina isolated from the time of hatching laid more eggs than did 
snails of the same species maintained together and, perhaps for that 
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reason, had a shorter life span than did snails reared with other snails. 
The reason for the general lack of self-fertilization and egg production 
by uninfected snails in the present study is uncertain. Whatever its 
cause, however, it appears likely that this lack of fecundity in un­
infected snails and in snails which had been exposed to miracidia but 
never shed cercariae allowed such snails to survive as long as in­
fected snails. 
Observation of breeding snails in aquaria indicated that such snails 
reached a greater size than those maintained in dishes, but did not sur­
vive as long as isolated snails. Loker (1979) found that longevity of 
isolated uninfected Lymnaea catascopium Say, 1817 was greater than that of 
isolated snails infected with douthitti. He also noted little egg 
production by isolated uninfected snails. When uninfected or infected 
snails were maintained with other similar snails, infected snails sur­
vived longer than uninfected snails. It would be interesting to perform 
similar experiments using gyrina and G. huronensis. 
before they died. Only five of 112 snails for which complete data are 
available stopped shedding more than one week before death. Another nine 
snails stopped shedding cercariae but then resumed cercarial production 
a week or two later. Stirewalt (1954) has reported that Biomphalaria 
glabrata infected with S^. mansoni usually continued to shed large numbers 
of cercariae until their death if maintained at optimum temperatures, but 
that at 23-25°C some snails ceased shedding cercariae. Sturrock (1966) 
reported that Biomphalaria pfeifferi (Krause, 1848) occasionally lost 
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longstanding mansoni infections and also (1967) reported that "self-
cure" at times terminated £. haematobium infection in Bulinus nasutus 
(Martens, 1879). 
Development and Migration within the 
Molluscan Host 
Penetration of Physa gyrina by huronensis miracidia was often 
observed. In all respects it agrees with the description of this process 
given by Blankespoor and van der Schalie (1976). The miracidium normally 
swims in straight lines, revolving around its long axis. When it ap­
proaches a snail or its products (feces, mucus, etc.), swimming rate and 
rate of change of direction increase (i.e., apparently responding by 
ortho- and klinochemokinesis).. Contact with the snail itself may or may 
not induce penetration. Penetration can occur into any of the exposed 
soft tissues of the snail. Because of the movement of the snail and the 
miracidium around the edge of the small infection wells, attachment 
n-ft-o-n nn t-Vio art t-or*"! o T Tna-rair» nf fh A hooH —-fnot* ÏJhor» t"*ho miTa — 
cidium attempts to penetrate this area, the snail often rubs the 
anterior end of the shell down against it in an apparent attempt to 
dislodge the miracidium. Najim (1956) reported that miracidia rarely 
penetrate Lue tentacles of snails. In the present study, penetration 
of tentacles was not observed with young snails but was often at least 
attempted by miracidia contacting older snails. In such instances, 
the snail often climbed partially out of the water and/or rubbed the 
tentacle with the attached miracidium against the shell margin. As 
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Najim (1956) has mentioned, the act of penetration requires two to three 
minutes. 
Details of intramolluscan development as shown by observation of 
serial sections of infected and uninfected snails agree very well with 
Najim's (1956) description of this process. Developing mother sporo­
cysts are found in the mantle (Fig. 1), foot, and the area around the 
buccal mass up to one day post-exposure. The presence of miracidia 
within the tissue of the buccal mass fifteen minutes after exposure 
(Fig. 2), may suggest that some miracidia are capable of penetration 
through the wall of the esophagus after ingestion. Such miracidia would 
presumably have been acquired from attachment to mucus trails by the 
snail as it "grazed" along the substrate. Loker (1978) reported this to 
be the normal means of infection of Lymnaea catascopium by Schistosomatium 
douthitti. Although it appears that this may occur with G^. huronensis 
miracidia, it cannot be considered the normal route of entry. 
Mother sporocysts within two snails were present in the connective 
tissue just outside the tubules of the hepatopancreas one day after 
their exposure to numerous miracidia (Fig. 3). The presence of mother 
sporocysts in such an unusual location may have resulted from ingestion 
and subsequent penetration of miracidia, although Loker (1978) has re­
ported lysis of miracidia in the stomach of _L. catascopium. The ultimate 
fate of such mother sporocysts is unknown since they were never subse­
quently observed in similar positions. Indeed, beyond one day post­
exposure, mother sporocysts were never observed outside the mantle or 
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the cephalopedal sinus. Najim (1956) and Greene (1978) reported similar 
results (although the former mentioned development of a sporocyst in 
the foot at eight days post-exposure). Between two and ten days post­
exposure, extensive growth of mother sporocysts occurred in the mantle and 
the sinus. By day 8, tissue within the mother sporocysts began to be 
organized into discrete masses (Fig. 4), and by day 10 individual 
daughter sporocysts were discernible within mother sporocysts (Fig. 5). 
Between days 12 and 15, daughter sporocysts began leaving the mother 
sporocysts and migrating to the digestive gland, apparently via the 
circulatory system. In the digestive gland these sporocysts came to 
lie in the connective tissue just outside and between the lobules of the 
hepatopancreas (Fig. 6). By day 20, these areas were almost completely 
filled with daughter sporocysts containing some cercarial embryos with 
developing acetabular glands and tail stubs (Fig. 7). Cercarial develop­
ment was complete and cercarial emergence began by about day 28. Mother 
sporocysts persisted in the mantle until at least day 140 and were at 
times still producing d^nghter sporocysts. Daughter sciorocysts usually 
continue to produce cercariae until death of the snail. In one snail, 
which died on about day 90 and was subsequently fixed, daughter sporocysts 
were almost completely empty with only a very few cercariae or cercarial 
embryos present (Fig. 8). 
Although amoebocytes in limited numbers were often seen attached to 
sporocysts, in general there was little amoebocytic response to early in­
fections. Such a response might involve encapsulation of sporocysts or 
cercariae or hyperplasia of the amoebocyte organ. After snails had been 
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shedding cercariae for about two months, some encapsulated cercariae 
were observed, particularly in the mantle tissue immediately anterior 
to the kidney (Fig. 9). This encapsulation is similar to that of 
mansoni cercariae in ]B. glabrata as described by Pan (1965). Hyper­
plasia of the amoebocytic organ was also apparent at this time (Figs. 
12, 13). 
The question of the route of migration of daughter sporocysts to 
the digestive gland deserves further consideration. Becker (1970) and 
Etges et al. (1975) have reported that mansoni daughter sporocysts 
move into the hemolymph vessels and are passively carried to the hepa-
topancreas with the hemolymph. Loker (1978) reported that some 
douthitti daughter sporocysts apparently migrate in this fashion but 
that others moved through the connective tissue between the cephalopedal 
and visceral sinuses. Migrating daughter sporocysts in the present study 
were observed within the vessels of the circulatory system, primarily 
within the rectal sinus (Fig. 14). The earliest daughter sporocysts 
found in che digeslivt; gland we/.e Iûuûu la the posterior part of that 
organ, again suggesting that migration of G. huronensis daughter 
sporocysts occurs via the vessels of the circulatory system. 
Cercarial Migration and Emergence 
Three snails (from a single egg mass) all exposed to miracidia 
on the same day and which began to shed cercariae on the same day were 
used in this experiment. After having shed cercariae for about two 
months, snails were fixed, then sectioned and the migratory pathway of 
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cercariae was determined. Results from the snail from this group which 
was fixed four hours after emergence began were compared with those from 
infected snails from other groups which were fixed at similar times of 
the day. 
By four or more hours after the beginning of the light period, 
daily emergence had ceased. In a snail fixed at this time, cercariae 
were found almost exclusively in the area of the digestive gland and its 
associated blood sinuses. The few remaining cercariae were present within 
or around the kidney and were generally in some state of encapsulation. 
Immediately (less than 30 seconds) after the beginning of the light phase 
of the light-dark cycle, a few cercariae were present free in the mantle 
sinuses. At this time, numerous cercariae were observed in the area of 
the mantle between the rectal and visceral sinuses and next to the 
rectum. Some sporocysts were present in this area, but most ccrcariae 
were free, either within the thin mantle tissue or within the mantle 
cavity (Fig. 15). In a snail fixed ten minutes after the beginning of 
the light period, a few cercariae were still seen within the mantle 
chamber but most were within the sinuses of the mantle. The cercariae 
within the mantle cavity could easily leave the snail via the pneumo-
stome. However, it appeared that the majority of cercariae remained 
within the mantle tissue, migrating to more anterior portions of it 
(Fig. 16) and emerging from those areas. Cercariae could be seen 
emerging from the edges of the mantle both in section (Fig. 17) and in 
living snails. 
Migration of other kinds of cercariae through the area around 
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the rectum has been previously reported (Pearson, 1959, 1961; Probert and 
Erasmus, 1965; Duke, 1952), but in all of these instances, migration 
occurred within the rectal sinus rather than within the adjacent mantle 
tissue as observed in the present study. Further, migration of 
£. huronensis cercariae does not involve passage through the heart or 
indeed any circulatory vessels between the visceral sinus and the mantle 
sinuses. This may be "advantageous" to the parasite since Pan (1965) 
has described "cercarial emboli", masses of encapsulated degenerating 
cercariae within circulatory vessels, as a main cause of mansoni-
induced pathology in Biomphalaria glabrata. 
Observations of cercariae emerging from living snails were made in 
stender dishes in which an inverted snail had been affixed to the bottom 
of the dish with plasticene. Most cercariae emerged from the area 
of the mantle margin especially at its anterior end, although some cer­
cariae were observed emerging from the dorsal surface of the head-foot 
and from the area around the pneumostome. Ulmer (personal communica­
tion) has observed that emergence of G. huronensis cercariae from the 
pneumostome of Aplexa hypnorum appears to be the normal mode of emergence 
from that snail. Although cercariae were seen free in the mantle cavity 
of 2" gyrina and one cercariae was actually observed in the pneumo­
stome in sectioned material, emergence of cercariae from the pneumo­
stome of a living snail was not observed. Duke (1952) reported that 
cercariae of mansoni, which utilize a similar migratory route from 
the digestive gland, emerge into the mantle cavity if the cavity is 
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partially filled with water. However, the precise environmental cues 
to which cercariae respond during migration and emergence are unknown. 
Although many migrating cercariae were often observed in a single 
mantle sinus, emergence occurred singly with the anterior end of the 
cercaria emerging first. The cercarial body was freed from the mantle by 
alternate contractions and elongations. The tail then began lashing 
movements, freeing the entire cercaria. After swimming forward for a 
short distance in a headfirst orientation, the cercaria turned around 
and swam away in its usual tail-first manner. This mode of emergence 
is similar to that reported by Duke (1952), Probert and Erasmus (1965), 
and Loker (1978) for mansoni, Cercaria X Baylis, and douthitti, 
respectively. 
Host Response and Emergence 
Both Najim (1956) and Daniell (1978) have reported instances of 
experimental infections in which the prepatent period for infected 
snails was much longer than normal. Najim reported a prepatent period 
of at least two months and Daniell observed one of similar length on at 
least one occasion. Daniell also found developed daughter sporocysts 
containing viable cercariae in several crushed snails which had never 
shed cercariae even weeks after experimental exposure. In the present 
study, such extended prepatent periods (51, 56, and 100 days) were 
observed in three snails reared from three separate egg masses. In at 
least two cases, other snails (from different egg masses) exposed at the 
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same time began shedding cercariae at least 26 days earlier, suggesting 
that this extended prepatent period was not a result of external 
conditions. In the mantle of one snail which had never shed cercariae, 
sporocysts could be observed. The snail was carefully observed for one 
week and was fixed for sectioning. On that morning, however, one 
cercaria emerged from this snail, giving a prepatent period of 100 
days. Observations of these sections revealed several conditions not 
normally observed in infected snails. Far fewer daughter sporocysts 
occurred around the lobules of the digestive gland and they (the sporo­
cysts) contained fewer mature and maturing cercariae (Fig. 10). Areas 
of apparent encapsulation and degradation of daughter sporocysts were 
seen. Although increased numbers of amoebocytes were usually present in 
infected digestive glands, there appeared to be more than usual in this 
particular instance. Another unusual feature of this infection was 
the presence of numerous daughter sporocysts containing fully developed 
cercariae in the mantle (Fig. 11). Such an atypical location of 
daughter sporocyst development has been reported in other schistosome-
snail systems (Pan, 1965; Schutte, 1975; Loker, 1978), but presence of 
sporocysts here is interesting because Pan (1965) suggested that such 
sporocysts were more likely to be found in infections in which the 
digestive gland was already full of daughter sporocysts. However, 
ample areas within the digestive gland remained for daughter sporocyst 
development in this î^. gyrina. Amoebocytic infiltration of the digestive 
gland may have excluded these sporocysts from that area. 
Reasons for this increased amoebocytic response, sporocyst encapsu­
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lation, and development of sporocysts in abnormaJ sites and their rela­
tion to the greatly lengthened prepatent period are unknown. In this 
exposure the snail appears to have been activated to respond before in­
fection, perhaps by development of spontaneous proliferative amoebocyte 
accumulations such as Richards (1975) has described in resistant 
Biomphalaria glabrata. Alternately, there may have been some mechanism 
allowing greater "immunological recognition" in this instance than normal. 
This phenomenon, and indeed the entire topic of molluscan response to 
G^. huronensis infection, merits further consideration. 
Physicochemical Factors Related 
to Emergence 
A number of environmental factors have been shown to be important 
in emergence of schistosome cercariae, the two most important being 
variation in illumination and temperature. Najim (1956) reported that 
G. huronensis cercariae emerge in the morning and that emergence occurs 
when the water around infected snails is changed. Ulmer (1970b) re­
ported that cercariae emerge from naturally infected Aplexa hypnorum in 
the early morning under conditions of natural illumination. Daniell 
(1978) found that, in the laboratory, 99% of cercariae emerging from in­
fected snails in one day did so during the first hour of illumination 
after a period of darkness. He further reported thaL no aduitional 
daily emergence occurred when snails were changed to fresh water during 
the light phase of the light-dark cycle. Ulmer (1974b) has proven that 
light is the major stimulus for cercarial emergence by showing that 
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cercariae did not emerge from snails maintained below the photic zone 
of a body of water, but did so if illuminated in that position. 
Experiments to further elucidate effects of various factors on 
emergence were conducted. Light was always shown to be the primary 
stimulus for emergence. In four experiments involving reversal of photo-
period at a constant temperature (23.5°C), emergence occurred only 
following illumination of infected snails after a period in darkness, 
confirming earlier observations of both Daniell (1978) and Ulmer (Dr. 
Martin J. Ulmer, Department of Zoology, Iowa State University, Ames, la., 
50011, personal communication). When snails were subjected to a light 
period twice as long as the one they had previously experienced, emergence 
occurred only at the end of a standard period of darkness. However, when 
snails were subjected to a period of darkness twice as long as normal, a 
very few cercariae emerged before the next light period, suggesting that 
there is some endogenous factor also governing emergence. When snails 
were maintained in a regular light-dark cycle, cercariae began their 
migiratiuii Lo tue maaLle uefuie liglit appeateil (Fig. 15). This also 
suggests that some endogenous factors also play a role in emergence. 
Temperature also has been shown to affect emergence of some schisto­
some cercariae (Kuntz, 1947). Approximately 25 experiments were conducted 
to determine if sudden temperature alteration affected emergence of 
Q. huronensis cercariae. During the light phase of a controlled photo-
period at least four hours after initial exposure to light, infected 
snails were placed into lake water at 5°C above or below the temperature 
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of the water in which they had previously been maintained. Subsequent 
emergence was never observed until after a period of darkness had been 
followed by light, although Kuntz (1947) found that similar tempera­
ture alterations induced emergence of mansoni cercariae within an 
hour at most. Thus, it appears that emergence of G. huronensis cercariae 
is unaffected by a sudden temperature alteration of 5°C. 
Najim (1956) reported that G. huronensis cercarial emergence could 
be triggered by changing the water in which infected snails were main­
tained. Similar observations have been reported for other schistosome 
species (Taylor and Baylis, 1930 and others), although Kuntz (1947) 
and Luttermoser (1955) have reported that S_. mansoni cercariae emerge 
equally well in fresh water or in "conditioned" water. Daniell (1978) 
reported no emergence of G. huronensis cercariae as a result of changing 
water. In the present study, some 20 experiments were conducted in which 
snails were maintained in the same water for up to ten days; emergence 
continued in a regular fashion, although there appeared to be a decrease 
in the relative number of cercariae emerging with increased time. Upon 
transfer to fresh water, however, more cercariae were shed than on the 
previous day. Emergence did not occur immediately after transfer to 
fresh water, but only after a normal period of darkness had been fol­
lowed by light. The reason for the difference between the results of 
Najim (1956) on the one hand, and those of Daniell (1978) and of the 
present study on the other, are unexplained. 
It is apparent from previous observations and from results of 
the present study that emergence of G. huronensis cercariae is a 
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phenomenon triggered primarily by photoperiod, with some effects of endo­
genous components of undetermined nature within the host-parasite system. 
The lack of effects of temperature or of changing water on timing of 
emergence patterns makes G. huronensis an ideal system in which to study 
the effects of such components (e.g. the correlation and/or effect of 
snail activity on emergence). The study of Anderson et al. (1976) on 
the effects of snail activity on emergence of Trichobilharzia ocellata 
cercariae was greatly complicated by the effects of changing water and 
temperature, and by the fact that emergence occurred for extended 
periods. A similar study using G. huronensis might well provide more sig­
nificant data. 
An additional observation was made during the present study. During 
the first hour of light, a shedding snail often moved up to the edge of 
the stender dish until the anterior end of its head-foot and mantle were 
actually out of water. Uninfected snails were occasionally observed in 
the same position but much less frequently. Anderson (Dr. P. A. Anderson, 
Biology Department, John Abbott College, P.O. Box 2000, Ste. Anne de 
Bellevue, P.Q., Canada, personal communication) agrees with me that cer-
carial emergence may cause irritation of the host and affect host be­
havior. If such behavior occurs in nature, it might increase the oppor-
tuuiLiêa fur iiifécLéd Sûâils 'CO be iiigesLed by poLeuLial uêfiriitivê hostS. 
Daniell (1978) has recorded that blackbirds and grackles do indeed eat 
snails and proved experimentally that definitive hosts may acquire in­
fection in a similar manner. Oda (1973) also has reported that birds may 
become infected with Gigantobilharzia sturniae by ingesting infected snails. 
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Longevity of Cercarial 
Infectivity 
Tailed cercariae remaining attached to the surface film were capable 
of producing patent infections in chickens. The length of time cercariae 
survived in that condition after emergence varied with temperature. At 
room temperature (23-24°C), cercariae showed such normal behavior after 
24 hours but not after 36 hours; at 36-37°C, tailed cercariae were still 
attached at the surface after nine, but not after 12 hours. Following 
exposures of one-week-old chicks to approximately 30 cercariae, patent 
infections were demonstrated after 30-35 days by the presence of three 
to seven adults in the mesenteric veins at 45 days post-exposure. 
Daniell (1978) reported difficulty in finding eggs in chicken feces 
because of the large amounts of fecal material and also reported that 
by day 45 post-exposure all worms had migrated to the mesenteric veins. 
In the relatively light infections observed in the present study, most 
adults were found in those branches of the mesenteric veins at the 
final bend of the small intestine. In all infections, worms occurred 
in this area, but occasionally adults were also observed in branches 
of this vessel draining more anterior portions of the small intestine, 
but again concentrated in areas where the intestine bends. 
Attachment to the surface film and the subsequent quiescent state 
of G. huronensis cercariae may be an adaptation for conservation of 
their necessarily limited energy resources. If this were so one would 
expect greater longevity of infectivity in G. huronensis cercariae than 
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in the intermittently swimming cercariae of mansoni. Such is not the 
case, however. At room temperatures (c. 23°C), the maximum period of 
mansoni cercarial infectivity is about 24 hours. For example, 
Olivier (1966) found that those cercariae remain infective for a maximum 
of 30 hours. Miller and Edney (1957) found that cercariae of Schisto-
somatium douthitti, which also attach to the surface film, remain in­
fective for 24 hours at similar temperatures. It appears that attach­
ment does not significantly increase longevity of infectivity of those 
species attaching to the surface. The biological "usefulness" of this 
behavior is more likely to be associated with host location than with 
energy conservation. Results of this study are comparable to those of 
Ulmer (1970b), who reported that G^. huronensis cercariae survive for 24 
to 48 hours at room temperature and can penetrate human skin after 12 
hours at that temperature. 
Although the number of adults recovered in this study was small (3-7), 
it should be noted that no relationship is apparent between the number 
of adults recovered and the length of cercarial incubation time. Tlie 
percentage of parasites recovered in this study is substantially lower 
than that reported by Daniell and Ulmer (1969) who reported recovery of 
59 adults following oral exposure of a chick to 100 cercariae. In that 
study, adults were dissected from the veins and counted. In the 
present study, adults were counted situ and it is possible that some 
were overlooked because of their characteristic coiling and clumping. 
However, in all instances, patent infections resulted from cercarial 
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exposure. Eggs of parasites were found in the feces of all exposed 
birds and adults were present in the mesenteric veins of all exposed 
chickens. 
Data from this study confirm and supplement those of Daniell 
(1978) who reported that adults are usually found in veins around the 
posterior portion of the small intestine. Bourns et al. (1973) found 
that adults of Trichobilharzia ocellata are found in the veins around 
the posterior third of the small intestine of ducks, but that the 
vast majority of eggs are concentrated in a small area of the intestine. 
They further suggest that the degree of mucosal penetration by these 
parasites aids in the escape of eggs into the intestinal lumen. In the 
present study, adult G. huronensis were often observed within the small 
veins of the serosa and at times even within the intestinal mucosa. 
Penetration Studies 
Penetration of Gigantobilharzia huronensis cercariae involves simi­
lar behavior regardless of the type of substrate being penetrated. When 
applied to a surface at 40°C with a loop, cercariae move over the surface 
in an inchworm fashion with alternate attachment of the oral sucker and 
acetabulum (Fig. 23). With each attachment of the former, a small 
amount of acetabular gland secretion is deposited. When Che cercaria 
inches forward, the acetabulum contacts this material, which is sticky 
and aids in providing the cercaria a secure attachment to the substrate. 
When actual penetration begins, the cercaria probes the surface with its 
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anterior end while the rest of the body is securely anchored to the 
substrate by the acetabulum. Probing movements continue and gradually 
the anterior end, then the entire body, begin alternate contractions and 
elongations as the cercarial body is forced into the substrate. As a re­
sult of rapid vibrations, the tail is usually lost during or before pene­
tration. Gordon and Griffiths (1951) termed such vibrations "plucked 
violin string actions", upon observing them in penetration of £. mansoni 
cercariae. The tail vibrates rapidly from side to side in a motion simi­
lar to that seen in swimming except that the body is not involved. The 
acetabulum of G. huronensis cercariae remains firmly attached and the 
tail is not involved in penetration as Gordon and Griffiths (1951) and 
others have described for penetration of S. mansoni. Indeed, G^. huronen­
sis cercariae which lose their tails before beginning probing movements 
are capable of penetration. The entire process, from initial probing to 
movement below the surface, requires only about five minutes and at times 
is completed in as little as two minutes. Once firm attachment and 
probing of the surface of agar plates begins, the process almost always 
continues until the cercariae penetrate or die. However, cercariae 
attempting to penetrate skin samples, particularly extracted ones, at 
times stopped probing movements and crawled away. Such cercariae were 
often capable of attaching elsewhere and then penetrating successfully, 
although this type of penetration occurred less frequently than success­
ful penetration involving attachment and penetration in one behavioral 
sequence. Except for the difference in the use of the tail in penetra­
tion noted above, penetration of G, huronensis cercariae is very 
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similar to that of mansoni cercariae as described by Gordon and 
Griffiths (1951) and by Stirewalt (1956, 1966). 
Before discussing effects of various stimuli on penetration, some 
consideration must be given to the structure and chemistry of avian and 
human skin surfaces. The integument of higher vertebrates is composed 
of two layers, an outer epidermis whose outermost component is a layer 
of dead, scale-like keratinized cells and an inner dermis of dense 
connective tissue containing blood vessels. Beneath the dermis lies a 
layer of connective tissue, less dense than that of the dermis. This sub­
cutaneous layer is often richly provided with adipose tissue. Mammalian 
epidermis is supplied with sudiferous or sweat glands, whose watery 
secretions aid in temperature regulation by evaporation, and sebaceous 
glands providing an oily secretion aiding in waterproofing and keeping 
the keratinized layer of the epidermis pliable. Sebaceous glands are 
usually associated with hair follicles. Avian skin lacks both sweat 
and sebaceous glands, although lipids useful in maintaining feather 
pliability are produced by a specialized uropygial or preen gland above 
the root of the tail. Although many investigators have considered the 
uropygial secretions the primary source of skin surface lipids, Lucas 
(1968) reported the presence of lipoid spheres in chicken epithelium 
and suggested that preen gland secretions are applied mostly to the 
plumage, but that epidermal secretions produced during the keratiniza-
tion process are the chief source of fatty material in the corneum and 
on the skin surface. 
Numerous measurements of the pH of the surface of normal human skin 
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have indicated that it is generally between 4 and 6. The acidity of 
the outer layer is a result of the presence of lactic acid and a greater 
molar concentration of acidic amino acids (glutamic and aspartic acids) 
than basic ones in eccrine sweat. Although fatty acids on the skin 
surface might contribute to this surface acidity insofar as they are 
water soluble, their removal with lipid solvents has little or no ef­
fect on the pH of the skin surface (Rothman, 1954a). The normal pH of 
avian skin apparently has not been investigated. 
The aqueous part of the human skin surface film is emulsified with 
fatty components by cholesterol esters and wax esters. The lipid portion 
of this film is produced by sebaceous glands and by the epidermis as it 
becomes keratinized. Most analyses of skin surface lipids have been 
conducted using lipid material extracted from hair, such material pre­
sumably almost exclusively of sebaceous origin. These materials contain 
free (nonesterified) fatty acids, fatty acids esterified with choles­
terol, with wax esters, and with glycerol, free cholesterol, and various 
hydrocarbons, notably squalene. The component TaLty acids of the free 
and esterified fractions are similar and are present in approximately 
equal percentages in either fraction (Rothman, 1954b). They consist 
of a series of straight chain fatty acids, including all members from 
to Cr,^, except C^g and . From C., ^  on, increasing percentages of 
these fatty acids are unsaturated, i.e., they possess at least one 
double bond. Members of chain lengths of and C^g together 
comprise almost 80% of the fatty acids present. The C^g fraction yields 
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the following proportions of constituents: oleic acid 80.8%, linoleic 
acid 14.8%, linolenic acid 1.8%, and stearic acid 2.6% (Weitkamp et al., 
1947). 
Lipid matterial from the uropygial glands of birds is not so well-
characterized as is human skin lipid of sebaceous origin. The entire 
avian uropygial gland, however, can be removed, thus facilitating extrac­
tion. Haahti and Fales (1967) reported on the presence of fatty acids 
between and chain lengths from thin layer chromatography frac­
tions of chicken preen glands. Similar thin-layer chromatography by 
Nicolaides et al, (1968). on chicken preen gland contents, showed the 
presence of fatty acids esterified to cholesterol but no free cholesterol. 
Clegg (1969), also using thin layer chromatography but analyzing skin 
surface lipid material, found areas corresponding to sterols, free fatty 
acids, and fatty acids esterified to wax alcohols and/or sterols. 
Further analysis showed that the sterol fraction chromatographed with 
cholesterol. 
It appears that free fatty acids and tree cholesterol are uuL 
present in the contents of the chicken uropygial gland but are present 
on the skin surface. Production of these free components is probably 
a result of esterase activity of the gland (Cater and Lawrie, 1950) 
and of the layer of transitional epithelial cells (Spearman, 1971) and/or 
the result of bacterial breakdown of these esterified compounds once 
they reach the surface of the skin (as in humans, Scheimann et al., 
1960). At least part of these free constituents may be of epidermal 
origin (Lucas, 1968). 
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Experiments to test effects of temperature and various chemicals on 
penetration were carried out using samples of chicken skin and agar 
plates impregnated with various chemicals known or suspected to be present 
on the skin surface (Tables 4-13). Skin samples were treated in various 
ways to determine the chemical constituents responsible for penetration. 
Agar plates were utilized in order to provide a surface which had a 
known amount of a given substance upon it and into which cercariae 
could penetrate. The agar was intended to simulate skin only in the 
physical sense of providing a substrate for penetration. In behavioral 
terms, these experiments were designed to test whether certain chemical 
stimuli would act as releasers of penetration behavior. The use of agar 
plates also allowed comparison with previously reported data from experi­
ments with other schistosome cercariae. 
Initial experiments showed that there is no penetration of agar 
plates at room temperature. Once a system allowing observation of agar 
plates at about 40°C was developed, it became apparent that cercariae 
were penetrating both control and experimental plates, in some ' 
instances, more cercariae penetrated control than experimental plates 
(probably because of cercarial mortality on certain experimental plates, 
as noted below.) This is surprising in view of the fact that Maclnnis 
(1969) and Shiff et al. (1972) reported little or no penetration of plain 
agar of similar concentration by cercariae of Schistosoma mansoni. How­
ever, in their studies cercariae were pipetted onto a layer of water 
covering the agar plates, whereas in the present experiments cercariae 
were transferred with a loop in a minimum of water. Transfer of 
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G. huronensis cercariae by pipetting is difficult because they adhere 
to the pipette (even if it has previously been treated with Siliclad®) 
and cannot be dislodged. Bourns et al. (1973) have described similar 
behavior by Trichobilharzia ocellata cercariae. Further, the literature 
(Brackett, 1939, and others) suggests that avian schistosome cercariae 
do not penetrate human skin until the film of water on the skin surface 
begins to evaporate. Ulmer has unpublished experimental results con­
firming this suggestion for penetration of G^. huronensis cercariae. 
In the present study, approximately two ml of room temperature 
lake spring water were applied to the surface of agar plates impregnated 
with 0.5 mM oleic acid or 5 mM glutamic acid, G^. huronensis cercariae 
were then transferred to the resulting thin layer of water with a loop 
but there was little or no penetration of the plates, whereas almost 
20% of cercariae applied with a loop in a minimum of water penetrated 
such plates. Most cercariae applied to glutamic acid plates were still 
attached to the surface film after 20 minutes exposure, although a 
fpw (IpRS than 10%) penpfrated snrh plates. Most cercfT-iap applied to a 
thin film of water over oleic acid plates were found on the surface of 
the plate after 20 minutes, but the majority of these cercariae were 
dead. No cercariae penetrated oleic acid plates covered with a thin 
film of water. For these reasons, cercariae were transferred with a 
loop in a minimum of water in this study. Clegg (1969) transferred avian 
schistosome cercariae of another species (which also attaches to the 
surface film) by touching them with a sheet of plastic food wrap, then 
applying this to the penetration substrate. Experiments attempting fo 
use his method with G. huronensis cercariae proved unsatisfactory be-
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cause as the plastic sheet was withdrawn from the surface of the agar 
plate, tails were often separated from cercarial bodies. 
Experimentation with the penetration assay system indicated that 
penetration of control plates was related to a number of factors, in­
cluding position of agar plates within the water bath, whether plates 
had been stored upside down or rightside up in the refrigerator, and 
the number of times a loop had been used for transfers. After experi­
mentation involving observation of approximately 5000 cercariae and 
1000 agar plates, the final experimental procedure was developed. 
This procedure minimized but did not prevent penetration of control 
plates. 
The three types of chemicals tested required different preparation 
techniques. Plates containing amino acid solutions were prepared in 
a manner similar to that used by Maclnnis (1969) except that amino 
acid solutions and agar were prepared separately and then combined in 
the plate. Lactic acid plates were prepared in the same way except that 
the agar was rool çtï as much as possible before addition so as to minimize 
evaporation of the lactic acid. For the same reason, similar cooling 
was used in production of fatty acid plates. The use of emulsification 
with acetone to produce agar plates containing fatty acids was also 
employed by Shiff et al. (1972). Although not required from a solubility 
standpoint, acetone was also added to plates containing short-chain 
fatty acids to allow a better comparison between all the fatty acid 
results. Because of its insolubility in water, cercarial response to 
cholesterol was studied in a layered preparation similar to that used 
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by Clegg (1969) except that cholesterol was layered on an agar plate 
rather than on a gelatin membrane. To produce a substrate of sufficient 
hardness for the cholesterol to dry in a uniform layer, it was necessary 
to use an agar solution of 1% rather than the 0.275% solutions used for 
other experiments. Cholesterol solutions were evaporated in a slow 
stream of nitrogen, for if oxygen is present during evaporation, the 
cholesterol molecule can be broken down (Dr. Donald C. Beitz, personal 
communication). 
Concentration of solute was also an important consideration in 
preparation of agar plates. Concentrations of more than 5 mM fatty 
acids were rapidly cercaricidal. Final concentrations used were 
somewhat cercaricidal but did allow a period of reaction before death 
occurred. They were also similar to those used by previous researchers, 
allowing some degree of comparison of results. Concentrations of amino 
acids and lactic acid employed were identical to those used by Maclnnis 
(1969), although the concentration of short-chain fatty acids was less 
(0.5 mM rather than 1 mM). The concentrations of C^g fatty acids (0.5 
mM) and of cholesterol were similar to those used by Shiff et al. (1972) 
and Clegg (1969) , respectively. 
Responses of Gigantobilharzia huronensis cercariae to agar plates 
impregnated with amino acids and lactic acid are shewn in Table 4. Sig­
nificant numbers of cercariae penetrated agar plates containing the 
acidic amino acids glutamic and aspartic acids, whereas penetration of 
plates containing the neutral amino acid glycine or the basic amino 
acid arginine was not significantly different from that of control 
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Table 4. Behavior of Gigantobilharzia huronensis cercariae on agar 
plates (0.275%) Impregnated with amino acids (5 mM) and 
lactic acid (0.5 mM) at 40°C 
Number of 
cercariae Penetrated 
Shed 
tails 
Remainder 
Glutamic acid 254 53 20 181 
% 20.9* 7.9 71.2 
Aspartic acid 131 15 16 100 
% 11.5* 12.2 76.3 
Glycine 164 6 9 149 
% 3.7 5.5 90.8 
Arginine 188 2 0 186 
% 1.1 0.0 98.9 
Lactic acid 175 50 40 85 
% 28.6* 22.9 48.5 
Control 1160 22 107 1031 
% 2.0 9.2 88 .8  
Significantly different from control values (£ < .05). 
Table 5. Behavior of Gigantobilharzia huronensis cercariae on agar 
plates (0.275%) impregnated with fatty acids (0.5 mM) at 40°C 
Numb sr of 
cercariae 
Shed 
tails 
Oleic acid 1290 226 608 456 
% 17.5* 47.1 35.4 
Linoleic ?.ciJ 556 82 379 95 
% 14.7* 68.2 17.1 
Linolenic acid 155 36 113 6 
% 23.2* 72.9 3.9 
Butyric acid 146 11 80 55 
% 7.5* 54.8 37.7 
Iso-valeric acid 153 8 16 129 
% 5.2 10.5 84.3 
Control 1283 5 121 1157 
% 0.4 9.4 90.2 
•k 
Significantly different f rom control values (2 < .05). 
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plates. Penetration of plates containing lactic acid was also sig­
nificant. 
Table 5 shows the response of cercariae to various fatty acids. 
The three unsaturated fatty acids - oleic, linoleic, and linolenic 
acids - all induced significant levels of penetration as did butyric 
acid, a short-chain fatty acid. The other short-chain fatty acid 
tested, iso-valeric acid, induced a higher level of penetration than 
was seen in control plates, but this level was not significantly dif­
ferent. 
Table 6 shows the results concerning penetration from these two 
sets of experiments and includes more information on the statistical 
analysis of these data. The percentage penetration figures in Table 6 
are weighted averages of penetration by experiment and thus more 
accurately reflect the amount of penetration by experiment than similar 
figures in Tables 4 and 5, which are based on summed data from all experi­
ments. However, the differences between the two types of analysis are not 
great and do not alter the significance or nonsignificance of the results 
for any given chemical. 
Results of this study agree essentially with those reported by 
Maclnnis (1969). In both cases, acidic amino acids, short-chain fatty 
acids, and lactic acid were shown to induce cercarial penetration. 
The major differences between these results and his are that short-chain 
fatty acids induced higher levels of penetration of mansoni than of 
G. huronensis cercariae, which may reflect differences in fatty acid 
77 
Table &. Suiiimary of statistical analysis of penetration of agar plates 
and plate pH 
5% 
No. of % Std.^ ^ Confidence Plate 
exp. pent. dev. Var. interval pH 
Upper Lower 
Glutamic acid 9 20.3 13. 1 171.4 30.4 10. ,3 3.5 
Aspartic acid 6 11.6 6. 7 44.8 18.6 4. ,5 3.2 
Glycine 6 3.6 4. 2 18.0 8.0 -0. ,9 6.9 
Arginine 6 0.9 1. 4 2.1 2.4 -0. ,6 9.8 
Lactic acid 8 31.2 16. 2 262.7 44.7 17. ,6 3.7 
Amino acid control 45 2,1 3. 8 14.6 3.2 0. ,9 7.1 
Oleic acid 44 17.5 15. 2 230.3 22.6 13, .4 6.8 
Linoleic acid 18 14.1 8. 7 75.0 18.4 9, ,8 6.7 
Linolenic acid 6 22.7 5. 3 27.6 28.2 17, .2 6.8 
Butyric acid 6 7.2 4. 3 18.7 11.8 2, .7 4.5 
Isovaleric acid 6 5.4 5. 6 31.5 11.4 -0, .4 4.4 
Fatty acid control 49 0.4 1. 1 1.3 0.6 0, .0 7.0 
^Standard deviation. 
^Variance, 
ronrent of human and avian skin surface lipids. Maclnnis re­
ported no penetration of control plates, whereas some such penetration 
was observed in the present study, possibly as a result of the dif­
ferent means of application of cercariae. Results of the present study 
also agree with those presented by Shiff et al. (1972) for penetration 
of plates containing C^g unsaturated fatty acids by cercariae of 
mansoni and haematobium, although penetration percentages in that 
study were considerably higher than those observed in the present one. 
(It should be noted that their definition of penetration "'uc.' • • such 
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behaviors as firm attachment to the substrate and evacuation of the 
acetabular glands which were not scored as penetration in the present 
study.) Austin et al. (1974) and Haas and Schmitt (1978) have also 
reported that these fatty acids induce penetration of mansoni 
cercariae. 
In this study, significant levels of penetration of agar plates 
were observed at 40°C. Table 7 indicates results of an experiment in 
which cercariae were applied co oleic acid plates at either 40°C or 
room temperature (26°C). No penetration of oleic acid plates occurred 
at room temperature. Similar experiments with the same result were 
also conducted with glutamic, lactic, and linoleic acids. 
When plates containing both glutamic acid and oleic acid were 
tested, the level of penetration induced was not significantly different 
from that obtained with either of these substances alone (Tables 4, 5, 
and 8). Maclnnis (1969) also found that a combination of an acidic amino 
Tabic 7. Effects of temperature on nenerrarion of agar plates 
(0.275%) impregnated with oleic acid (0.5 mM) 
Number of 
cercariae Penetrated 
Shed 
tails Remainder 
40°C 92 23 36 33 
% 25.0 39.1 35.9 
26°C 74 0 39 35 
% 0.0 52.7 47.3 
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acid and a fatty acid did not increase the percentage of penetration of 
agar plates. 
Interestingly, the mode of penetration of fatty acid and amino 
acid plates differed (Table 9). The vast majority of cercariae pene­
trating fatty acid plates lost their tails before or during penetra­
tion. Indeed most of the cercariae scored as having penetrated fatty 
acid plates with tails attached had begun the penetration process but 
became moribund before completing it, presumably as a result of the 
presence of the fatty acid (see below). Cercariae penetrating amino 
acid plates usually retained their tails until the latter were broken 
off as they were pulled below the surface of the agar. Cercariae were 
frequently observed deep within the agar with tails still attached, 
suggesting that more than one cue may be necessary for typical penetra­
tion behavior. Penetration with tails is generally considered atypical 
for mansoni cercariae, although it has been observed in penetration of 
mouse skin when large numbers of cercariae were applied to a small area 
of skin (Standen, 1953) and in penetration of a hexane extract from a 
South American legume (Gilbert et al., 1971). Penetration without tail 
loss suggests that multiple stimuli are necessary for a "complete" 
penetration response. 
An additional, mere subjective difference in penetration of fatty 
acid and amino acid plates was observed. Cercariae applied to agar 
plates containing fatty acids appeared to react more vigorously than 
those applied to amino acid plates. Movement appeared more rapid, and 
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Table 8. Penetration of agar plates impregnated with both glutamic 
acid (5 mM) and oleic acid (0.5 mM) at 40°C 
Number of Penetrated Sh®d Remainder 
cercariae tails 
Experimental 138 29 76 33 
% 21.0 55.1 23.9 
Control 158 0 22 136 
% 0.0 13.9 86.1 
Table 9. Variation in the mode of penetration of agar plates (0.275%) 
impregnated with fatty acids and amino acids 
Total 
pentrated 
Penetrated with 
tails attached 
Oleic acid 
% 
226 39 
17.3 
Linoleic acid 
% 
82 11 
13.4 
Linolenic acid 
% 
36 1 
2 . 8  
Butyric acid 
% 
11 3 
27.3 
Isovaleric acid 
% 
8 3 
?7. S 
Glutamic acid 
% 
53 40 
75.5 
Aspartic acid 
% 
15 12 
80.0 
Glycine 
% 
6 4 
66.7 
Arginine 
% 
2 2 
100 
Lactic acid 
% 
50 28 
56.0 
Control 
% 
27 3 
11.1 
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more cercariae attached firmly with their acetabula and then vibrated 
their bodies and tails rapidly. 
Many more cercariae applied to fatty acid plates (particularly those 
containing the three C^g fatty acids) had shed their tails at the end 
of the 20 minute observation period than had cercariae applied to amino 
acid or control plates (Tables 4 and 5). Observation showed that 
cercariae which had shed their tails on fatty acid plates were completely 
immobile and appeared to be dead, whereas those applied to amino acid 
or control plates, whether they had lost their tails or not, were 
generally still alive as indicated by occasional movements. It should be 
noted particularly that within the C^g series a greater degree of such 
apparent mortality is correlated with increasing unsaturation. Simi­
larly, Shiff et al. (1972) and Haas and Schmitt (1978) observed such 
apparent mortality of mansoni cercariae in water on top of agar 
plates containing penetration stimulatory substances. Shiff et al. 
(1972) noted that 95% of cercariae which had not penetrated agar 
plates containing those dermal fatty acids with two or three double 
bonds or linoleic or linolenic acids were dead within 15 minutes. 
Haas and Schmitt (1978) have shown that this lethality can be pre­
vented if cercariae are protected by the presence of mammalian iso-
toiiic electrolyte or sugar in the aqueous medium. If cercariaa vers 
placed in water over a 0.5 mM solution of lauric acid (a satu­
rated fatty acid which induced 17% penetration), death was reduced 
90% in a 0.9% NaCl solution (from 97% to 7% of all cercariae not 
having penetrated the plate). Apparently, this lethality is a 
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result of the induction of transformation (in the presence of pene­
tration stimulatory substances) from the water-adapted cercariae to 
schistosomula osmotically adapted to life within the body of the host 
(see Stirewalt, 1974, for a review of this process in which tail loss 
and the induction of "water sensitivity" are Important components.) 
If the saline-adapted schistosomula remain in fresh water, they rapidly 
die of osmotic shock. Haas and Schmitt (1978) suggest that this sort 
of transformation might be useful in control of schistosomiasis by 
killing cercariae. They reason that if cercariae in fresh water can be 
induced to transform by the addition of these penetration stimulatory 
substances the cercariae will die, noting that these substances are active 
at very low concentrations. One of the major questions concerning the 
practicality of such an approach is the effect of temperature on this 
process. The experiments mentioned above, including that involving 
lauric acid, were carried out at 35°C, a temperature well above that to 
be expected in any natural transmission site. In temperature compari­
sons from the present study (Table 7), the percentage of cercariae 
having shed their tails on oleic acid plates at 26°C is roughly equal to 
the sum of percentages of cercariae having either penetrated or shed 
their tails on identical plates at 40°C. In comparison Studies using 
linoleic acid plates, less than half the cercariae applied to plates 
at 25-26°C shed their tails, whereas almost 85% of those applied to 
plates at 40°C either penetrated them or lost their tails. These 
results suggest that the effect of temperature on transformation might 
make a control program such as that suggested by Haas and Schmitt 
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impractical. On the other hand, considering the present state of 
schistosome eradication programs, it is a suggestion meriting further 
investigation. 
To determine how far the transformation process had progressed in 
G^. huronensis cercariae on linoleic acid plates, cercariae which had 
remained on linoleic acid and control plates at 40°C for the 20 minute 
experimental period were collected and placed into normal and immune 
chicken serum. Stirewalt (1974) reviewed studies showing that a 
Cercarienhullen Reaktion (CHR), a development of an antigen-antibody 
precipitate around schistosome larvae in immune serum, occurred around 
cercariae of mansoni but not around schistosomula. In my experiments, 
a typical CHR developed around cercariae from control plates within one 
hour in immune serum, but did not develop in normal serum. When cer­
cariae which had shed their tails and stopped moving on linoleic acid 
plates were placed in immune serum it appeared that some slight CHR 
envelope formation occurred on some cercariae, although the lack of 
CciTCcinal iUOVcmcûL mûuë OuSëLvaLiuu uliilculL. Cluse ubservaLion 
revealed that some of the flame cells of these cercariae were still 
functional. Stirewalt (1963) found that heat-killed cercariae did not 
develop a CHR. The partial development of a CHR envelope around some 
of these Gigantobilharzia cercariae may be interpreted in several ways. 
It may indicate that: 1) the transformation process had begun but that 
it was terminated by the death of the cercariae, 2) a full CHR would have 
developed if the cercariae had not become moribund, or 3) the linoleic 
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acid may have altered the glycocalyx of the cercariae so that a full CHR 
did not develop. (Indeed, direct effects of penetration stimulatory 
substances on the glycocalyx may be the cause of the loss of the latter 
by schistosomula and may be an important factor in the transformation 
process.) Attempts to prevent osmotic damage by the addition of saline 
after the cercariae had been in contact with the lipid for some time 
(Gilbert et al., 1972) were unsuccessful. The results of this experi­
ment again suggest that fatty acid penetration stimulatory substances 
may be inducing transformation of £. huronensis cercariae to schisto­
somula just as they induce transformation of mansoni cercariae 
(Gilbert et al., 1972, and others). 
Lactic acid was the most effective penetration stimulatory substance 
tested. Its chemical structure resembles that of the amino acids, but 
physically it resembles the fatty acids, being a liquid at room tempera­
ture. Although even a 0.5 mM solution drastically lowered the pH of 
the agar plates, as did the acidic amino acids (Table 6), lactic acid 
the fatty acids (Tables 4 and 5). The two short-chain fatty acids, 
butyric acid and isovaleric acid, also lowered the pH of agar plates. 
Butyric acid induced an appreciable amount of tail loss, whereas iso­
valeric acid did not. 
In view of the difference in responses to acidic amino acids and 
fatty acids, it is conceivable that penetration of the plates containing 
the former might be a result of the action of a more acidic environment 
on some component of the agar. However, cercariae penetrated agar plates 
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impregnated with glutamic acid in which the agar had previously been 
extracted with ether to the same extent that they penetrated impreg­
nated plates prepared with normal agar. 
Both Wagner (1959a) and Haas and Schmitt (1978) mention that lowering 
the pH of penetration substrates intensifies penetration response, although 
only in the presence of penetration stimulatory substances. In experiments 
testing the effects of various pH's on penetration using standard phos­
phate buffer solutions (Table 10), cercariae penetrated plates buffered to 
pH 4 and pH 7 but not pH 10. However, it must be noted that solutions at 
pH 4 and pH 7 contained small amounts (0.05%) of formalin to retard fungal 
growth. The high level of penetration of plates buffered to pH, when com­
pared with plates of similar pH without buffers (routinely used as con­
trols) suggests that some other stimulatory substance, perhaps formalin, 
was added with the buffer solutions. It will be recalled that acidic amino 
acids stimulated penetration whereas a neutral and a basic amino acid 
did not. Results of the present study suggest that although pH may 
affect penetration of G. huronensis cercariae, the induction of this 
process itself probably requires certain specific stimulatory substances. 
Because Clegg (1969) reported that cholesterol stimulated penetration 
of cercariae of a marine avian schistosome, experiments testing whether or 
not this substance stimulated penetration of G^. huronensis cercariae were 
carried out. Although there was some penetration of agar plates layered 
with cholesterol, there was as much if not more penetration of similarly 
prepared plates lacking cholesterol. Table 11 presents results of 
these experiments. Since cercariae did not penetrate plain agar 
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Table 10. Penetration of agar plates prepared with standard pH buffers 
at 40°C 
pH 
Number of 
cercariae Penetrated 
Shed 
tails Remainder 
4 89 32 6 51 
% 36.0 6.7 57.3 
7 82 15 16 51 
% 18.3 19.5 62.2 
10 87 0 7 80 
% 0.0 8.0 92.0 
Table 11. Penetration of agar plates (1.0%) layered with cholesterol 
(10 mg/ml solvent) at 40°C 
Solvent Number of 
cercariae Penetrated 
Shed 
tails Remainder 
Chloroform 
Cholesterol 299 18 34 247 
% 6.0 11.4 82.6  
Control 267 23 32 212 
% 8.6 12.0 79.4 
Acetone 
Cholesterol 157 17 19 121 
1 10,8 12.1 77.1 
Control 152 20 17 115 
% 13.2 11.2 75.6 .  
plates of the same agar concentration to nearly the same extentj it 
appears likely that the solvents contained some impurities or that 
they may have changed the surface of the agar plates in some physical 
manner, thus promoting penetration. Interestingly, Clegg (1969) 
reported some penetration of control gelatin membranes although 
it is unclear whether solvent had been applied to these membranes. 
He also mentions the possibility of solvent contamination. 
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Whatever the reason for penetration of control plates, there appears to 
be little evidence that cholesterol itself stimulates penetration of G. 
huronensis cercariae. Austin et al. (1972), Shiff et al. (1972), and Haas 
(Dr. Wilfried Haas, Zoologisches Institut der Universitat, Rontgenring 
10, D8700, Wurzburg, West Germany, personal communication) have indicated 
that cholesterol does not stimulate cercariae of mansoni to penetrate 
agar plates. Commenting on the fact that Clegg (1969) had reported that 
cholesterol stimulated Austrobilharzla terrigalensis cercarial penetration 
but that they found that it did not stimulate mansoni cercariae to do 
so, Austin et al. (1974, pp. 461-462) stated that: 
The fact that a different stimulatory mechanism is apparently in­
volved is not surprising, since the two types of cercariae pene­
trate under quite different conditions. A. terrigalensis cer­
cariae are passing from a relatively strongly saline solution (sea 
water) to a weaker salinity (bird serum), whereas the opposite is 
true of Schistosoma species. It may be reasoned that the charac­
teristics of the tegument and the osmotic protection mechanisms of 
the two types of cercariae are entirely different. The physical 
chemical behavior of fatty acid molecules in 3% saline (an electro­
lyte) will also be considerably different from that in tap water 
(a poor conductor). 
Although this is an attractive explanation, considering the low aqueous 
solubility of lipids, there may not be any difference in the physical 
chemical behavior of fatty acid and molecules in fresh and salt water. 
Also, salinities in the estuarian habitats of the snail intermediate 
hosts of the marine avian schistosomes may vary greatly (from 1 to 5% 
saline). Until further information is available, this explanation should 
be viewed as only a working hypothesis. 
Dr. Bernard Fried (Department of Biology, Lafayette College, 
Easton, Penn., 18042, personal communication) has unpublished experimental 
results showing that cholesterol stimulates penetration of cercariae of 
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Ornithobilharzia canaliculata, another marine avian schistosome. The re­
sults of Clegg and of Fried indicate that marine avian schistosome cer-
cariae are stimulated to penetrate by the presence of cholesterol. All 
results of the present study suggest that freshwater cercariae of an avian 
schistosome are stimulated to penetrate by the presence of certain fatty 
acids and other substances known to stimulate penetration of certain mam­
malian schistosome cercariae which also penetrate in fresh water. Un­
fortunately, both cholesterol and the other group of substances are 
present on human skin and will stimulate cercarial penetration. 
The findings of this study indicate that penetration of fresh water 
avian schistosome cercariae is markedly similar to that of mansoni 
and haematobium cercariae, and suggest that avian schistosome cer­
cariae could be used to test the effectiveness of various topical and 
systemic anti-penetration agents on penetration of the skin of human 
volunteers. Such tests using human schistosome cercariae are obviously 
out of the question; penetration of Schistosomatium douthitti is known 
to cause hepatic infection In rhesus monkeys (Kagan, 1953), autl Iieuce is 
also unsuitable for such trials. Although avian schistosome cercariae 
may reach the lungs of mammals following penetration (Olivier» 1953 and 
Batten, 1957), there is no evidence that they proceed beyond that point. 
Results of experiments involving observation of penetration of ex­
cised chicken skin samples are similar to those obtained using agar plates. 
One great difference between the two is that the percentage of penetra­
tion of the former is uniformly higher than that of the latter (Tables 6, 
12,13). From observation of penetration of both, it appears that higher 
levels of penetration of skin samples are, at least in part, a result of 
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their irregular nature. When applied to a skin sample, cercariae 
usually swam downward toward the skin surface, often attaching to it and 
beginning inch-worm movements immediately, although some swam about with­
in the drop of water for a period of time. In a few cases, cercariae 
attached to the surface film of the drop and remained there motionless 
until the drop had almost completely dried out. When inch-worm like 
"explorarion" of the skin surface began, cercariae moved over the surface 
until they came in contact with a fold or wrinkle in the skin. They then 
began the probing sequence of behavior previously described, during 
which tails were almost always shed and penetration often occurred (Fig. 
24). About 75% (267 of 342) of those cercariae which did not penetrate 
also did not shed their tails. Many cercariae which shed tails but did 
not penetrate did so on untreated skin samples at 25-26°C. Ifhen pene­
tration occurred, it usually took plac* after the water had begun to 
dry. Most penetration did not occur at the edges of the drop of water. 
Although in a number of instances cercariae did crawl to the edge of a 
drop and penetrate at this interface where they are able to probe 
more efficiently, most cercariae which crawled to the edge of a drop 
simply dried out in that position. The ability of cercariae to probe 
and penetrate irregularities of the skin surface more efficiently than 
smooth areas was also apparent within the drop. Penetration of agar 
plates also usually occurred within the drop of water rather than at 
its edge, but cercariae appeared to have more difficulty penetrating such 
a smooth, flat surface. Thus, it appears the higher penetration per­
centages of skin samples than of agar plates is partially attributable 
to the physical nature of the substrates. Skin samples also provide 
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a more natural chemical environment for penetration. Further, skin pene­
tration is aided by various cercarial enzymes (Stirewalt, 1974), whereas 
it is extremely unlikely that cercariae possess an enzyme capable of 
breaking down agar. 
Effects of temperature and ether extraction on penetration of skin 
samples are shown in Table 12. Under experimental conditions, more than 
95% of cercariae applied to unaltered skin at 40°C penetrated it, whereas 
only about 70% of the cercariae penetrated such skin at 26°C. Only about 
60% of cercariae penetrated ether extracted skin at 40°C and even fewer 
penetrated such skin at 26°C. The difference between penetration of nor­
mal skin at 40°C and penetration of skin from any of the other treatment 
groups is statistically significant (determined as noted on page 42). Al­
though the amount of penetration of normal skin was significantly differ­
ent at the two temperatures, the difference in the amount of penetration 
of extracted skin at the two temperatures was not. Apparently, the latter 
difference is not statistically significant because of a greater amount of 
variation in penetration of such samples. These results suggest that 
lipid material and temperature are important in skin penetration. To 
attempt to prove that the reason for decreased penetration of extracted 
samples was the loss of lipid material and not some other possible 
cause such as a physical change in the skin sample during extraction; an 
experiment was conducted (Table 13), attempting to reconstitute the 
penetration stimuli of the skin by adding oleic acid to extracted skin 
samples. In each of six experiments, two skin samples, one from under 
each wing of the same chicken, were extracted with ether and then 
placed in separate vials containing ether. One of the vials also 
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Table 12. Effects of temperature and ether extraction on penetration 
of excised chicken skin samples 
„ Number of Number of % penetrated 
Treatment . ^ . Penetrated , ^ 
experiments cercariae + St.D. 
Normal 40°C 8 
Normal 26°C 4 
Extracted 40°C 5 
Extracted 26°C 4 
149 
85 
138 
95 
144 
58 
85 
43 
96.6 + 4.3 
68.2 + 5.3 
61.9 + 16.8 
45.3 + 16.6 
Table 13. Penetration of excised chicken skin samples either ether 
extracted or extracted and reconstituted with 0.5 mM oleic 
acid (40°C) 
Treatment 
Number of 
cercariae Penetrated 
% penetrated 
+ St.D. 
Extracted 121 69 57 + 8.4 
Reconstituted 109 85 78 + 9.3 
contained 0.5 niM oleic acid. Significantly more cercariae penetrated 
the skin samples exposed to oleic acid. This procedure and result are 
similar to those of Wagner (1959a) who used the skin of mouse ears, 
valeric acid, and Schistosomatium douthitti cercariae. Although the 
amount of increase with reconstitution in the two studies is about 
equal, the major difference between the results of this study and of 
Wagner's is that he found a greater reduction of penetration per­
centage (to about 10%) after extraction. Other than the obvious dif­
ferences in organisms and chemical compounds used, the experiments differ 
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in two important respects. In the present study, skin samples were at 
40°C; whereas in Wagner's they were at a lower temperature (unspecified, 
but presumably around room temperature, for a water filter was placed 
between the microscope lamp and the watch glass containing the mouse 
skin). Perhaps more importantly, Wagner washed his extracted skin 
in water to remove ether. In so doing, he may easily have removed 
certain water soluble substances which might stimulate or enhance pene­
tration. To preclude this possibility, skin samples in the present 
study were thoroughly dried but never washed. The skin samples regained 
water from the agar plates, from below, thus presenting a more natural 
situation than rehydration by immersion. This experiment indicates 
that at least one fatty acid which is probably present on the surface 
of chicken skin is an important penetration stimulatory substance 
for cercariae of Gigantobilharzia huronensis• 
Attempts to observe cercarial penetration of human skin were diffi­
cult because light could not be concentrated in a sufficiently small 
area to allow differentiation of cercariae from the similarly colored 
skin surface. On a few occasions, eyespots of cercariae could be dis­
cerned within a drop of water applied to the back of the hand and cer­
cariae could then be noticed penetrating the skin at areas of surface 
irregularities. Stirewalt (1956) has reported that penetration of human 
skin by mansoni cercariae occurs at such irregularities - "wrinkle 
walls" in her terminology. No penetration in the area of hair follicles 
was seen in the limited observations reported here. A mild itching was 
noticed five to ten minutes after cercarial application. Olivier (1949a) 
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reported similar itching four to ten minutes after application of 
Trichobilharzia cercariae to human skin, noting that the itching coin­
cided with penetration of cercariae to about the level of the head 
organ. (The possibility remains that, in the present study, the itching 
was psychosomatic.) My observations were halted when papular eruptions 
first developed about 12 hours after penetration. (In four previous 
exposures, only initial itching and macule formation had occurred.) 
Difficulties were also encountered in attempting to observe pene­
tration of skin under the wings of living chickens, both for the reason 
stated above and because respiratory movements of the bird resulted in 
constant motion of the drop of water. Initial attempts to demonstrate 
points of penetration of the skin of a living chicken using the Evans 
blue injection method of Lewert and Lee (1954) were unsuccessful, at 
least in part because of difficulties in intravenous injection. However, 
on four separate occasions, when sufficient dye was injected to give the 
skin a light blue cast, small blue spots which reached 1-2 mm in di­
ameter appôâi-'cu on uhe SrCj-u wiciiin ^v uixiiuLes aiLei cêJLCciixcix cippj.j-ccitioii. 
Cercariae were applied to a drop of water about 8 mm in diameter and 4 
mm in height. Such a drop required approximately 15 minutes to dry 
completely. Lewert and Lee (1954) reported that blue spots resulting 
from penetration of rat skin by cercariae of either Schistosoma mansoni 
or Schistosomatium douthitti first appeared two or three minutes after 
cercarial application. Stirewalt (1956) has reported that such pene­
tration may begin almost immediately after application. Assuming that 
that was the case in the experiments of Lewert and Lee (1954), the 
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delayed appearance of blue spots in the present study Indicates that more 
than five minutes had elapsed between cercarial application and initial 
penetration. In a single instance, a cercaria was actually observed in 
the act of penetration in these experiments. A blue spot first became 
apparent at this site about six minutes later. Thus, it appears that a 
period of several minutes elapses between application of G^. huronensis 
cercariae to a drop of water on chicken skin and actual skin penetra­
tion. Similarly, Olivier (1949a) reported that a period of time 
elapsed between application of Trichobilharzia stagnicolae cercariae to 
small drops of water on human skin and initial penetration. Although in 
my studies a few blue spots appeared as early as 10 minutes after cer-
carial application, cercariae were often observed swimming about within 
the drop of water at this time. Most of the blue spots first became 
apparent between 15 and 20 minutes after application, indicating that 
most cercariae penetrated only when the drop had dried almost completely. 
This was noted with the cercaria observed in the act of penetration. The 
position of the blue dots indicated that penetration had occurred at 
the site of an irregularity in the surface of the skin, demonstrating 
that penetration of intact, living skin appears to be similar to that 
observed with excised skin samples. All spots observed (14 in all) ap­
peared near the center of the original drop. Results of this study 
indicate that cercariae of £. huronensis applied to drops of water on 
chicken skin may penetrate while completely surrounded by water, but 
apparently do not do so until the water has at least partially evapo­
rated. This conclusion is supported by the conventional wisdom of people 
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who routinely maintain the huronensis life cycle. In exposure of a 
bird to cercariae on the area of bare skin under the wing, effective 
infection requires keeping the area moist during application and holding 
the bird (to prevent its brushing the exposed area) for 15 minutes 
after the water has completely dried (Dr. Harvey Blankespoor, personal 
communication). This procedure is similar to one recommended by Kagan 
et al. (1954) for exposure of small mammals to douthitti cercariae. 
The results of the present study support the contention of Brackett 
(1940) and Ulmer (personal communication) that avian schistosome 
cercariae do not penetrate skin until the water around the cercariae 
begins to evaporate. It is interesting that cercariae are able to 
penetrate when completely surrounded by water but do not do so until it 
begins to evaporate. Although in some cases cercariae were observed 
penetrating skin at the very edge of a shrinking drop of water and 
might have been aided in penetration by this interface, in most instances 
they were still completely surrounded by water when penetration occurred. 
The same held true for penetration of agar plates. It is possible thai 
cercarial response to heat is responsible for this behavior. It will 
be recalled that cercariae applied to a thin layer of room temperature 
water above a 40°C agar plate did not, for the most part, swim down 
toward the agar surface. On the other hand, cercariae applied (by 
loop) with a minimum of water at room temperature to the surface of an 
agar plate or an excised skin sample at 40°C readily moved to the 
surface of the substrate, whereas cercariae from identical conditions 
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applied to such substrates at room temperatures often crawled about on 
the loop for a considerable period before moving onto the substrate. 
It appears that thermoattraction may occur but that it does so over only 
a very short distance. Neuhaus (1952) and Haas (1976) have reported 
similar findings concerning thermoattraction of cercariae of Tricho-
bilharzia szidati and mansoni, respectively. It will also be re­
membered that cercariae did not penetrate agar plates at room temperature 
and that fewer cercariae penetrated skin samples at room temperature than 
those at 40°C. Perhaps partial evaporation of the water allows the 
remaining water or the skin surface to reach a temperature high enough 
to activate penetration. Although the same amount of water was trans­
ferred to both agar plates and skin samples, cercariae appeared to begin 
to penetrate agar plates more rapidly than they began to penetrate skin 
samples, perhaps in part because water on the former had a tendency to 
spread out more than that applied to the latter, on which it usually 
remained as a discrete drop. In experiments involving direct observation 
ot penetration and in those using the Evans blue technique of localiza­
tion of penetration, cercariae were applied to larger drops of water. 
In these instances, a considerable amount of time elapsed before pene­
tration occurred. The results summarized here appear to indicate that 
avian schistosome cercarial penetration does not occur until evaporation 
of the water around the cercariae reaches a point at which the remaining 
water or the skin surface becomes sufficiently warm to trigger penetra­
tion. Why thr, behavior of mansoni cercariae should differ so much 
from that seen in the avian schistosome cercariae is unexplained. 
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Consideration of the factors affecting skin temperature is neces­
sary at this point. In air, chicken skin on the feathered parts of the 
body is close to the body or core temperature of the bird (40-41°C), 
but the surface of the unfeathered extremities is often much cooler 
than that, approaching ambient temperature at 20°C (Sturkie, 1965). 
Also in air, nude human skin temperatures at an ambient temperature of 
20°C are much lower than the normal core body temperature of 37.5°C 
with the temperature of extremities such as the fingers and toes being 
close to the ambient level (Wyndham et al., 1964). Because the thermal 
conductance of water is about 25 times that of air, skin temperatures 
in cool or cold water, even in an actively swimming subject, are at most 
one or two degrees above the water temperature (Nadel et al., 1974). 
In response to this cooling effect, there is a reduction in peripheral 
circulation and increased heat production. Although extreme cooling in 
air can produce paradoxical responses such as a rise in temperature 
during cold-induced vasoconstriction and cooling with vasodilation upon 
rewarming (Bazett et al., 1948), the responses of skin temperature of a 
person who has just left the water after swimming have not been investi­
gated. Such a person would be covered with a thin layer of water. When 
this water began to evaporate great amounts of heat would be lost at the 
air-water interface (Hardy, 1949). Whether or not a thermal gradient of 
any appreciable extent develops between this interface and the skin 
surface is unknown. Such a gradient has been demonstrated between the 
skin surface and the deeper tissues of the arms and legs (Pugh, 1965). 
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Skin lipids collected during extraction of excised skin samples 
were applied to agar plates. Although skin surface lipids were present in 
these samples, the collected lipid material also contained lipids from 
within the epidermis, dermis, and the subcutaneous layer. The lipid 
ether solutions were evaporated to dryness in a slow stream of nitrogen 
and resuspended in acetone for application to agar plates either by in­
corporation into the agar plates or by layering samples on the surface 
of the plates. Control plates were prepared with acetone resuspensions 
of the residues from similar evaporation of plain ether. Although cer-
cariae penetrated agar plates treated with skin lipids at levels equivalent 
to those observed with other stimulatory substances (Table 14) , they pene-^ 
trated control plates to the same extent, suggesting that the ether contained 
some substance(s) capable of stimulating penetration. This possibility 
has been mentioned earlier in the discussion of penetration responses to 
cholesterol on agar plates. Clegg (1969) and Shiff et al. (1972) did 
not report similar penetration in control experiments for penetration 
assays involving application of skin lipids to gelatin membranes or 
agar plates, respectively. However, in neither of these two instances 
were volumes of solvent equivalent to those used in collection of skin 
lipid evaporated and used in production of control plates. In the 
present study, the disturbing possibility remains that some of these 
stimulatory substances from the ether may have affected penetration 
of excised skin samples. However, it is important to note that these 
experiments involved reductions in relative penetration levels. Also, 
in the excised skin sample experiments, samples containing a minimum of 
Table 14. Penetration of agar plates (0.275%) Impregnated with chicken skin lipids (0.625 mg/ml 
acetone) at 40°C 
Number of Penetrated Remainder 
cercariae tails 
Experimental 39 12 27 0 
% 30.7 69.3 0.0 
Control 36 11 14 11 
% 30.7 38.8 30.6 
<D 
00 
cr 
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ether were dried, whereas in the experiments with skin lipids some 
25-30 ml of ether were evaporated, thus obviously providing a greater 
amount of residue. 
Maclnnis (1965, 1969, 1976) has repeatedly suggested that host loca­
tion by chemosensory mechanisms is likely to involve similar behavioral 
responses and similar chemical substances to those which lead to food 
location by related free living organisms. Mason (1975) has reported 
that a South African Dugesia species responds to unsaturated fatty acids 
from through C^Q by klinokinesis (i.e., by increased turning upon 
stimulation). He suggests that this type of behavior might be important 
in food location. It is interesting that the planarians responded 
maximally to decanoic acid but that this substance has the least water 
solubility and would hence diffuse the least of the fatty acids tested. 
Maclnnis (1969) has suggested that mansoni cercariae respond to 
chemical penetration stimulants by some form of chemoattraction. Neuhaus 
(1952) reported that Trichobilharzia szidati cercariae would move towards 
and attach to a human finger 3 to 4 mm away and considered this behavior 
to be a result of chemoattraction. From observations in the present 
study, I doubt that chemoattraction of huronensis cercariae occurs. 
Little or no movement toward a source of penetration stimulatory chemical 
substances occurred through even a thin layer of water. Cercariae trans­
ferred with a minimum of water to agar containing chemicals showed no dif­
ference in behavior from those applied to control plates until they came 
into physical contact with the substrate. Even then, the behavioral 
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differences between the two groups of cercariae were more a matter of 
degree than of specifically different behavioral patterns. Clegg (1969) 
reported similar results with Austrobilharzia terrigalensis cercariae 
applied to gelatin membranes with or without stimulatory cholesterol. 
Stirewalt (1971) suggested that it is unlikely that skin lipid is re­
motely sensed by mansoni cercariae since it is apparently insoluble 
in water and hence cannot diffuse. Although cercariae of G. huronensis 
have been shown to respond to substances such as acidic amino acids 
and lactic acid, which are capable of diffusion in water, from the 
results of experiments with agar plates and skin samples I believe 
that a response to chemical substances is dependent upon physical 
contact with these substances and that other stimuli, notably tempera­
ture, are more significant in inducing attachment of G. huronensis 
cercariae to host skin. 
Stirewalt (1971) mentioned that when mansoni cercariae were 
penetrating a restricted area of skin they often penetrated at the same 
point. She suggested that some diffusable substance related to the 
penetration process may be a penetration stimulus to nearby cercariae. 
In some instances, similar behavior was observed in the present study. 
On some skin samples, as many as four cercariae were observed penetrating 
in the same area= At times, when one cercaria had begun penetration and 
another cercaria came nearby, the second cercaria would begin to pene­
trate the same area, often immediately beside or behind the first. This 
may indicate that penetrating cercariae release substances, perhaps the 
acetabular gland contents, which stimulate penetration by other cercariae. 
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Stirewalt (1971) considered it likely that gland secretions were more 
likely to be such a stimulus than products of skin degradation because 
such group "penetration" also occurred on Baudruche membranes layered 
with stimulatory chemicals. These membranes are impenetrable to cer-
cariae. Stirewalt, to my knowledge, has not shown that they are not de­
graded. Although fewer cercariae were applied to agar plates than to skin 
bdmplesinthe present study, such group penetration of agar plates was 
almost never observed. This suggests that this possible stimulatory 
substance may be a product of enzymatic reactions during penetration. 
In commenting on the studies by Ramalho-Pinto et al. (1974), Stirewalt 
(1974) has mentioned that centrifugation of cercariae resulting in a 
dense accumulation of cercariae in a mass of secreted postacetabular 
gland secretion may induce transformation. It is her contention that this 
process induces transformation not because of any effect of these secre­
tions on cercariae but because of the intense muscular activity of cer­
cariae in such a position. She believes that such intense activity, 
usually stimulated by the presence of penetration stimulatory chemicals, 
leads to tail loss and that the remaining events in transformation then 
follow in a step-wise manner. In the present study, the correlation 
of more vigorous activity and greater degree of apparent transformation 
on C^_ fatty acid plates supports this contention. 
Although several investigators (Wagner, 1959a; Maclnnis, 1969; 
Shiff et al., 1972) have equated discharge of acetabular gland contents 
with penetration, Clegg (1969) found that cercariae applied to gelatin 
membranes at 40°C secreted the contents of their acetabular glands 
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whether or not these membranes had been layered with cholesterol, a 
known penetration stimulus for cercariae of that species. In the 
present study, careful observations were made of penetration gland 
discharge, particularly on agar plates where the process could most 
easily be visualized. Cercariae moving over the surface of agar plates 
in an inch-worm fashion secreted small amounts of materials with each 
attachment of the oral sucker. Massive discharge of acetabular gland 
contents was observed only on plates containing chicken skin lipids. 
Experimentation using the technique of Stirewalt and Kruidenier (1961) 
showed that vital staining of the preacetabular glands and their ducts 
could be accomplished with a solution of alizarin red S (Fig. 18). 
These two pairs of glands and their ducts stain a purplish to bright 
red color, as Najim (1956) has mentioned. Stirewalt and Kruidenier 
report that a similar staining reaction occurs in the preacetabular 
glands of mansoni cercariae. In a dilute alizarin solution, £. 
huronensis cercariae extruded considerable quantities of glandular secre­
tion. These secretions stained more intensely than the glands them­
selves and often appeared in long sticky strands. In more concentrated 
(about 5% saturated alizarin red S in lake water) solutions, staining 
of the glands was more intense, but little secretion occurred, apparent­
ly because the glandular material became occluded within the ducts. 
Neutral red did not stain either set of glands, although secretions 
were stained a light pink. Staining of postacetabular glands was ob­
served on occasion in cercariae prepared using Best's carmine technique 
(as given in Humason, 1972). Both the glands and their associated ducts 
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stained a bright red and globules of secretion could be seen at the 
openings of the six ducts (Fig. 19). Axmann (1947) reported similar 
staining of mansoni and japonicum cercariae. Postacetabular 
gland secretions could be visualized on slides using the India ink 
technique of Stirewalt (1959). Although Stirewalt reported that this 
technique stimulated postacetabular gland secretion by S_. mansoni cer­
cariae, it resulted in little if any stimulation when applied to 
G^. huronensis cercariae. The technique, however, did allow very clear 
visualization of the glandular products. Droplets of secretion were 
usually spread into a compact half-circle by the attachment of the 
acetabulum. In a few instances, all six droplets could be seen, al­
though they were often slightly elongated by contact with the acetabulum 
(Fig. 20). In such instances, careful observations were made to 
determine whether similar droplets of preacetabular gland secretions 
were also present. No such preacetabular secretion was seen even when 
the trails were stained with alizarin red S. 
In an attempt to determine whether preacetabular gland contents 
were secreted during penetration of agar plates or skin samples, 
cercariae with alizarin stained glands were applied to such substrates 
at 40°C. Lewert et al. (1966) and Stirewalt and Fregeau (1968) have 
proven that such staining reduces mansoni cercarial penetration of 
mouse tails, presumably because chelation of calcium ions in the pre­
acetabular glands reduces the activity of the penetration enzyme 
system. Similar reductions in percentage penetration were observed in 
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the present experiments. For example, only 4% of stained cercariae ap­
plied to agar plates impregnated with linoleic acid penetrated them, 
whereas about 15% of unstained cercariae penetrated identical plates 
(Table 5). One of the apparent effects of the dye was to prevent, at 
least partially, secretion of glandular contents. Small amounts of pink-
staining preacetabular gland contents were occasionally extruded as 
cercariae moved over penetration stimulatory and control agar plates. 
Similar results were observed in penetration of skin samples. These 
results suggest that heat and the presence of stimulatory substances can 
induce extrusion of preacetabular gland contents even in the presence 
of a nonprotein penetration substrate. Complete extrusion of pre­
acetabular gland contents was not observed in penetration of either 
agar plates or skin samples. 
To study the extent of extrusion of gland contents during penetration 
of skin samples, such samples were fixed, sectioned, and stained. Stain­
ing of freely emerged cercariae fixed in hot 10% neutral buffered 
formalin and stained with Mayer's paracarmine and a fast green counter-
stain (Fig. 21) revealed a slight differentiation of the pre- and post-
acetabular glands. In sectioned material stained with Harris' hema­
toxylin and eosin, both types of glands were mildly eosinophilic, but 
Again they could be d-istinguished by staining intensity. After fixation 
in Bouin's, staining was more intense in intrasporocyst cercariae (Fig, 
22) than in cercariae fixed in the act of penetrating skin samples 
(Figs. 23, 24). Stirewalt and Kruidenier (1961) state that preacetabular 
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gland contents are retained only by fixation in a neutral fluid such as 
Holly's prepared with neutral formalin and by dehydration omitting the 
lower alcohols. Such treatment did result in more intense staining 
in the preacetabular gland area (Fig. 25). Although some depletion of 
glandular contents was noted with penetration, complete depletion of 
either set of glands was not observed within the one hour period of 
penetration. 
Commercially obtained green beans, which had not touched human 
skin during purchase or afterwards, did not stimulate penetration or 
attachment of huronensis cercariae, even if the beans were heated to 
40°C before application of cercariae to them either by loop or in water. 
Warren and Peters (1968) have reported that mansoni cercariae will 
penetrate green beans; this suggests that differences occur in the range 
of chemicals which can stimulate penetration of the two types of 
cercariae, despite the similarity observed in response to specific 
chemicals. 
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SUMMARY AND CONCLUSIONS 
1. Gigantobilharzia huronensis, a schistosome parasite of various 
passerine birds, is known to cause cercarial dermatitis in Iowa. This 
study describes certain aspects of its intramolluscan development and 
migration, emergence from the snail host, and penetration of cercariae, 
with particular emphasis on cercarial behavior, 
2. An apparent periodicity in the release or hatching of parasite 
eggs from avian feces was observed. This periodicity appeared to be 
correlated with host feeding. 
3. At 23.5°C, the prepatent period of G^. huronensis infection in 
outbred Physa gyrina ranged from 22-100 days with an average of 28.8 
days and a mode of 25 days. 
4. Crowding of exposed snails during the prepatent period increased 
mortality and decreased the infection rate of surviving snails. 
5. Infected snails survived for from one to 439 days with an average 
of 129.5 days afler initial cercarial emergence. Maximurn longevity of 
infected snails, snails exposed to miracidia which never shed cercariae, 
and unexposed snails was equal (about 500 days). 
6. During intramolluscan development, daughter sporocysts migrate 
from the mantle and cephalopedal sinus to the hepatopancreas via the 
hemolymph vessels and sinuses, particularly the rectal sinus. 
7. Emergence occurs in response to light after a period of dark­
ness. Cercariae migrate from the hepatopancreas to the mantle within 
the mantle tissue between the rectal sinus and the visceral vein. They 
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usually emerge from the edge of the mantle. 
8. A host response involving encapsulation of cercariae and hyper­
plasia of the amoebocyte organ occurred in snail hosts by about two 
months after initial cercarial emergence. In one case, a much longer 
than normal prepatent period was found in a snail in which an abnormally 
intense amoebocytic response and ectopic daughter sporocyst development 
occurred. 
9. Photoperiod was consistently found to be the most important 
factor in triggering cercarial emergence. Sudden fluctuations in tempera­
ture or changes in water do not induce emergence. 
10. After a brief period of swimming, cercariae attach to the 
surface film with their suckers and remain in that position. Cercariae 
remained infective for chicks as long as they remained in that posi­
tion. This longevity of infectivity varies with temperature, being 
about 96 hours at 5°C, 24 hours at 23-24°C, and 9 hours at 36-37°C. 
11. The act of G^. huronensis cercarial penetration is similar to 
that described for Schistosoma mansoni cercariae except that the tail 
is not used in penetration. Skin penetration occurs at irregulari­
ties in the surface and in humans is not initially associated with hair 
follicles. 
12. Experiments using agar plates impregnated with various chemi­
cals known to be present on avian or human skin surface showed that 
cercariae are stimulaed to penetrate by low concentrations of acidic 
amino acids, lactic acid, butyric acid, and three C^g unsaturated fatty 
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acids. Differences in the mode of penetration indicated that the fatty 
acids are more effective at inducing cercarial transformation to schisto-
somula than are acidic amino acids. Cholesterol does not stimulate sig­
nificant levels of penetration. 
13. Substrate temperature is also an important factor in trig­
gering penetration of both agar plates and excised skin samples, with 
40°C being much more effective than 26°C. 
14. Penetration of excised skin samples was significantly reduced 
by ether extraction. Penetration of such extracted samples was signifi­
cantly increased by addition of oleic acid, a C^g unsaturated fatty 
acid. 
15. These experiments indicate that chemical stimuli which induce 
penetration of this freshwater avian schistosome cercaria are more similar 
to those previously reported for cercariae of the human schistosomes 
than for those reported for cercariae of an avian schistosome with a 
marine life cycle (Austrobilharzia terrigalensis). 
16. Observations ot penetration of human and avian skin indi­
cated that cercariae generally do not penetrate until the layer of water 
around them begins to evaporate. This behavior may be related to cer­
carial response to temperature. 
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PLATES 
Plate I 
Fig. 1-4. Early intramolluscan developmental stages of G^. huronensls in Physa gyrina 
(magnification approximately 360X) 
Fig. 1. Developing mother sporocyst in mantle, one day post-exposure 
Fig. 2. Developing mother sporocyst (arrow) in buccal mass, 15 minutes post­
exposure (R-radula) 
Fig. 3. Developing mother sporocyst in hepatopancreas, one day post-exposure 
Fig. 4. Developing mother sporocyst (arrow) in mantle, eight days post-exposure 
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Plate II 
Figs. 5-8. Later intramolluscan developmental stages of G. huronensis 
in Physa gyrina (magnification approximately 360X) 
Fig. 5. Developing mother sporocyst (arrow) in the mantle, 
ten days post-exposure. Note presence of developing 
daughter sporocysts within mother sporocyst 
Fig. 6. Developing daughter sporocysts in the hepato-
pancreas, 15 days post-exposure. Daughter sporo­
cysts lie in the connective tissue just outside 
and surrounding individual lobules of the digestive 
gland 
Fig. 7. Developing daughter sporocysts in the hepato-
pancreas, 20 days post-exposure, showing cer-
carial embryos (arrows) with acetabular gland 
primordia and tail stubs 
Fig. 8. Daughter sporocysts (arrows) in the hepatopancreas 
of a snail which died on day 90 post-exposure. Note 
that very few cercariae or cercarial embryos are 
present 
131 
wean -x / 
f 
® A fiL 
I 
/ / 
5 
•  »•• .  
. i 
., -TÇ, 
••w 
% 
*4 
W ••;,« 
% 
Plate III 
Figs. 9-13. Host responses of Physa gyrina to G. huronensis infec­
tion (magnification approximately 360X) 
Fig. 9. Cercariae encapsulated by amoebocytes near 
snail kidney, 110 days post-exposure 
Fig. 10. Daughter sporocysts from the digestive gland 
of a snail in which the prepacent period was 
much longer than normal, 100 days post-exposure. 
Note relatively few developing cercariae and 
the amoebocyte response 
Fig. 11. Daughter sporocyst containing cercariae from the 
mantle of the same snail noted in Fig. 10 
Fig. 12. Amoebocyte organ in an infected snail about 
140 days after hatching and 110 days post­
exposure 
Fig. 13. Amoebocyte organ (arrow) of an uninfected snail 
about 140 days after hatching 
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Plate IV 
Figs. 14-17. Migratory pathways of G. huronensis daughter sporocysts 
and cercariae (magnification approximately 360X) 
Fig. 14. Daughter sporocyst (migrating from mantle 
to hepatopancreas) within the rectal sinus 
(RS) 
Fig. 15. Cercariae migrating within the mantle tissue 
Fig. 16. Cercariae within mantle tissue and migrating 
toward anterior end of mantle 
Fig. 17. Cercariae about to emerge from anterior end of 
mantle 
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Plate V 
Figs. 18-21. Staining of the acetabular glands and secretions of 
free G^. huronensis cercariae (magnification approxi­
mately 720X) 
Fig. 18. Cercaria stained vitally with alizarin red S. 
showing preacetabular glands (arrow) 
Fig. 19. Cercariae stained with Best's carmine, showing 
postacetabular glands (arrow) and their ducts 
Fig. 20. Postacetabular gland secretions stained with 
india ink 
Fig. 21. Cercaria stained with Mayer's paracarmine and 
fast green counterstain. Note pre- and 
postacetabular glands 
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Plate VI 
Figs. 22-25. Acetabular glands of G. huronensis cercariae stained with Harris' hematoxylin 
and eosin (magnification approximately 720X) 
Fig., 22. Cercariae within daughter sporocyst, Bouin's fixative 
Fig.. 23. Cercaria on surface of chicken skin, Bouin's fixative. Note 
preacetabular glands (arrow) 
Fig.. 24. Cercaria penetrating an irregularity in the surface of chicken 
skin, Bouin's fixative. Note postacetabular glands (arrow) 
Fig., 25. Cercaria (anterior end) penetrating chicken skin, Helly ' s 
fixative. Note preacetabular gland area 
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